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1 Introduction 

A medieval European astrolabe with inscriptions in both Latin, Hebrew 
and Arabic which has recently come to light - see Figs. 1-8 - is unique for 
a variety of reasons. 1 The few Islamic astrolabes that fell into European 
hands already in the Middle Ages often bear Hebrew or Latin additions to 
the original Arabic inscriptions. But not a single medieval European 
astrolabe other than this one bears Arabic inscriptions from before ca. 
1800. In fact, it bears a set of original Latin inscriptions completed by a 
set of Arabic ones, and it has an additional layer of markings in Hebrew 
characters. The last-mentioned appear to predate the others, having been 
added during the construction and hence prior to the main engraving. In 
any case, this piece is not the work of a single craftsman, but of at least 
two and possibly three or even more. 

Of all the regions of Christian Europe where astronomy was cultivated 
during the Middle Ages, Spain has the least number of surviving 
instruments. This is rather ironical not least because it was in the Iberian 
Peninsula that Europeans first came into contact with astronomy in 
general and the astrolabe in particular. 2 Only five medieval European 
astrolabes can be securely associated with the Iberian Peninsula, this one 


1 The astrolabe has changed hands several times in the last few years and now belongs to 
an unidentified private collector. A detailed description by this author, condensed from 
the present study, is in Christie's 15.4.1999 Catalogue, pp. 98-107, lot 52 (the 
illustration of the Hebrew markings on p, 102 was printed back to front), A less detailed 
description by this author is in Sotheby 's IS. 10.2001 Catalogue, pp, 110-113, lot 111. 
The piece had become available for study after it was auctioned in 1998 at the Hotel des 
Ventes Antictherma) in Nancy. It had been acquired by the vendor as part of a large 
estate, he being a distant relative of the deceased, who has not been identified. A 
preliminary description of the instrument prepared for the auction in Nancy by Anthony 
1 Turner with assistance from Emilie Savage-Smith is listed as Nancy 28.06.1998 
Pamphlet. This overlooks some of the most historic ally-import ant features and contains 
numerous misinterpretations, especially about the provenance (see nn. 48, 51, 189 and 
291). 

The most original research on the complicated story of the mathematical sciences in 
Muslim and Christian Spain is collected in Mil las Vallicrosa, Estudios, MI; Vemet, 
Esiudios, MI; and idem, ed., Estudios, MI; Samso, Ciencias en al-Andalus, idem t 
Studies*, and Vernet & Samsd, “Science in Andalusia' 11 , as well as various other works by 
the same authors and other members of Lhe Barcelona school, including Santa Cruz 
1985 Exhibition Catalogue and Madrid 1992 Exhibition Catalogue. Alas none of these 
works contains any materials relevant to the astrolabe under discussion. 
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Fig. 1 The front of the I4 th -cenfury Spanish astrolabe (#4560). 
(The photos in Figs. 1-7 are courtesy of Christie’s of London] 
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and four others from Catalonia - details are given below/ 1 Each is quite 
different from the other in design, and each one underlines how little we 
know and, without the appearance of new sources such as the astrolabe 
under discussion, can ever hope to know about medieval astrolabes from 
the Iberian Peninsula, which are the key to understanding the introduction 



Fig, 2 The rete [Christie’s) 


3 See already Gunther, Astrolabes, II, p. 305, on the dearth of astronomical instruments 
surviving from this milieu. Even the Santa Cruz 1985 Exhibition Catalogue, entitled 
Instmmentos astronomicos en la Espana medieval, did not feature a single medieval 
European instrument from Spain, See also a 293 below. 
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Fig. 3 The back of the astrolabe showing the solar and calcndrical scales with 
the silver cartouches. [Christie's| 
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Fig. 4 The mater, back of the rete and the alidade. Notice the 
impressions of the silver cartouches of the back of the mater, [Christie's] 
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Fig. 5a The plates for the latitude of Algiers (see also Fig. 6a), 

32V2°, 43° and 40°. [Christie's] 

of tiie astrolabe to Europe. Yet we do know, from manuscript sources as 
well from one surviving 10th-century astrolabe, that Europeans in Spain 
started making astrolabes with inscriptions in Latin already in that 
century. Presumably dozens were actually made there during the Christian 
Middle Ages. Many more Islamic instruments survive from al-Andalus, 
that is, that part of Spain which at any given time was in Muslim hands, 
including some 20-odd from the 11th century (not all complete) and over 
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Fig. 5b The plates for [Mecca], 42°, 49Vi° (see also Fig. 6b), and 45°32. 

[Christie's] 

50 from the 13th-15th centuries (none from the 12th century). Astro¬ 
nomical instruments with inscriptions in Hebrew are rare indeed, in spite 
of the highly significant role of the Jews in the transmission of scientific 
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knowledge to the West. 4 Only one medieval astrolabe from al-Andalus or 
the Maghrib with inscriptions in Hebrew characters survives - see below 
for details. 



Fig. 6a The plate for latitude 49 V 2 0 . [Christie's] 


4 A recent survey of Jewish astronomical activity in Spain is Goldstein, “Astronomy of 
Spanish Jews". Some of the most reliable research on Jewish contributions, rather than 
their role as Eransmitters s is collected in Langermann, Studies* On instrument texts in 
Hebrew, albeit from Sicily, see Goldstein, “Hebrew Instrument Descriptions” Glick, 
“Jewish Contribution to Science in Medieval Spain”, is particularly weak on instruments 
- seen. 293 below. 
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Fig. 6b The additional plate for Algiers. [Christie's] 


Fig. 7 The inscriptions by Mas'ud on the front and back of the boss of 
the shackle. [Christie's] 
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Fig* 8 Details of the astrolabe. 

a) Part of the rete, with the star-pointer for Aldebaran near the middle, the name 
being engraved in abbreviated Latin and Spanish Arabic. Note the additional 
Arabic names for the zodiacal signs, and the crudely-scratched Arabic names for 
some of the stars. 
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Fig* 8b On the left, the cartouche for December, with the month-name correctly 
engraved, along with the/ma '6' and a complete endless knot. On the right, the 
cartouche for Virgo, showing the name al-sunhula incorrectly engraved 
(without the *n') r a hamza (?), an a-vowel and an i-vowel, and a partial endless 
knot with additional floral strands. 


Fig. 8c The latitudes 42° and 49;30° scratched in Hebrew alphanumerical 
notation on two of the plates 


" H—-4- j_ A——H"~T 

- —-i i * i 


Fig* 8d The The latitudes 32V:> 0 and 49V2 0 (for Jerusalem and Reims) represented 
with the standard medieval forms of the Arabic numerals but for the J 2' f which 
is inverted, and the bar fraction for one-half, which is also inverted* [Photos by 
the author, courtesy of a former owner.] 
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The engraving on the ecliptic scale 

ttbgccgtiil/b n 

OPaR&STU 

The engraving (star-names, shadow squares on back) 

KB C5DCFGII flt 

hobkstu^ 0\ 

The numerals oil the scales on the front and back and on the plates 

ir?iK6-Ano 

The two latitudes featuring fractions 

3 ^f Mf 

The numerals on the outer rim 

IZJ4 S 6 7 8 $> 0 

Fig* 9 The forms of the Latin letters and Hindu-Arabic numerals on the 
astrolabe. [Graphics by Reinhard Glasemann, Frankfurt.] 
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The instrument, in spite of the Arabic inscriptions, qualifies as a 
European astrolabe rather than an Islamic one. There is ample evidence 
that it was made in Central or Northern Spain (Toledo or Saragossa?) in 
the 14th century, and that it hails from a milieu in which Christians 
collaborated fruitfully with Muslims and Jews. This convivencia was not 
always voluntary and not always amicable, 5 

Both Toledo and Saragossa had, however, been the scenes of serious 
scientific activity for several centuries. 6 Toledo had witnessed the 
ingenious Muslim astronomer Ibn al-Zarqalluh (known in the Latin West 
as Azarquiel) and the compilation of the hodge-podge of astronomical 
tables known as the Toledan Tables , both in the 11th century, then the 
capture by the Christians in 1085, followed by the vigorous activities at 
the court of Alfonso X “el Sabio 3 ’ in the 13th century. Saragossa had wit¬ 
nessed the brilliant mathematical activities of the Muslim King al- 
MuTaman ibn Hud in the 11th century, 7 but fell to the Christians in 1110. 
In the 14th century Ptolemy’s Almagest , which represented the 
culmination of Greek astronomical knowledge, was still being copied in 
Arabic in that city. 8 Jewish scholars were associated with the astronomical 
activities at the court of Alfonso X, and with the astronomical, 
astrological and cartograph ic interests of Pedro IV (1336-87), ruler of the 
Crown of Aragon. Also it is well established that Jews were involved in 
the metal-trade in Spain in the Middle Ages, 9 and no less that Jewish 


5 On this see New York JM 1992 Exhibition Catalogue , entitled Convivencia ... , espe¬ 
cially the introductory remarks by Thomas F. Click on pp. 1-9. 

6 See Sam so, 4 'Exact Sciences in AI-AndalusT and Ciencias en al-Andalus, for recent 
overviews of this activity. 

See Hogendijk, "al-Mu'taman ibn Hud”. 

* See also Kunitzsch, Sternkatalog des Almagest, I, pp. 6-7, idem, "Role of al-Andalus”, 
pp, 148-149, and idem , “ Almagest Manuscript”, on a Judaeo-Arabic copy of the 
Almagest partly copied in Calatayud in 1380 with the rest completed in the same city in 
1475, and an Arabic copy which came into the possession of a Jewish scholar in 
Saragossa near the end of the 15 th century. 

i; Article "Metals and Mining”, in EJ\ especially p. 1442, where it is stated: 

"Many Jewish craftsmen and artisans were engaged in the metal industry in Christian 
Spain, in 1365 three Jewish smithies are mentioned in Toledo, and there were Jewish 
workshops in Avila, Valladolid, Valdeolivals near Cuenca, and Talavera de la Reina; a 
Jewish tinsmith, Solomon (Quleman) b. Abraham Toledano of Avila, is mentioned in a 
document of 1375; at the close of the 14th century, Jewish smiths were called upon to 
repair the copper fountain of Burgos. Before 139 ! many Jewish smiths, engravers, and 
goldsmiths lived in Barcelona. From a Saragossa register of 1401 we leam that there 
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craftsmen were involved in instrument construction in Spain during the 
Middle Ages. 10 

Whoever started this instrument gave up his task before it was 
completed. Death or some other personal catastrophe might have forced 
this* The one cause of death and disaster that took everyone by surprise in 
the mid 14th century was the Black Death* 11 Somehow, the instrument 
then came into the hands of a Muslim Arab named Mas'ud, who finished 
it; The Muslims living under Christian domination, the mvdejars, 12 were 
constantly being urged by their co-religionists in the Nasi id Kingdom of 
Granada (all that was left of “al-Andalus”) and the Maghrib to emigrate to 
the Islamic world. Perhaps Mas c fld was a prisoner of the Christians in 
Spain, but he was no doubt a man of some standing, not least because he 
was skilled in the craft of astrolabe-making and in the basics of applied 
scientific knowledge, and no less because he became the first owner* 
There is evidence that Mas'Hd made his contributions to the astrolabe in 
Spain but he clearly intended to take the instrument to Algiers, for the 
Arabic inscriptions specifically mention that city* If the piece did go to 
Algiers, then it returned to Europe, this time to Northern or Eastern 
France, by the 16th century, as evidenced by yet another layer of 
inscriptions* If it was not taken to Algiers, then possibly it went directly 
from Spain to Eastern France at some time between the 14th and 16th 
century. 

This astrolabe is a singularly complicated piece from a historical point 
of view, replete with details which can help us better understand the 
whole instrument once we have come to terms with these details, yet it is 
silent on some of the most important considerations. The scientific, 
technological, epigraphic, and art-historical aspects are each of prime 
importance if we are to begin to understand th is object* 

were many Jewish engravers and artisans in copper and iron. The local engraver's 
synagogue was used for the meeting of the community administration*” 

No source is given for this information, and it is not, as one might expect, Wischnitzcr, 
Jewish Crafts . See ibid., pp, 92-113, on Jewish crafts and guilds in medieval Spain. In 
Sharzmiller, ‘"Professions in Muslim Spain”, based on a medieval Maghrib! source, 
virtually every working-class profession is mentioned but, alas, not instrument-making 
(perhaps because these people were professionals). 

10 See Mackay, "Mews in Spain”, p. 40, fora brief overview, and also Vielliaid, "‘Horlogers 
Catalans”, pp. 166-167, 

[l See Ziegler, Black Death, and also the text to n. 265 below* 

12 See the article “Mudejar” in Eli* 
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In the sequel an attempt has been made to separate description from 
commentary. The astrolabe cannot be understood without reference to 
several other early astrolabes, details of which are presented in 
Appendixes A-B. 13 Much of the comparative material used in this study is 
taken from the catalogue of medieval Islamic and European instruments 
currently in preparation in Frankfurt. 14 Some 40 Islamic astrolabes are 
known from al-Andalus from before ca. 1350, but these are of surprisingly 
little help, except for one earlier AndalusT piece that betrays the same 
distinctive design of the throne: 

#154, preserved in the Adler Planetarium in Chicago, III., an 
AndalusT astrolabe by Muljammad ibn Yusuf ibn Hatim dated 
638 H [= 1240/41]-see Fig. 10. 15 

Several Islamic astrolabes from Syria or Egypt bear silver inlay as does 
this piece, yet the silver inlay here is not necessarily influenced by the 
Eastern Islamic tradition but rather by an AndalusT tradition. A few medie¬ 
val astrolabes have inscriptions in Hebrew (see §3t) or additions in 
Hebrew, yet we are not dealing here with an astrolabe in the Jewish 
tradition. Not a single surviving astrolabe can be securely associated with 
Southern France before 1400, or even before 1500; some half a dozen of 
the numerous instruments that can safely be associated with Northern 
France from before ca. 1400 are of relevance to our investigation. As 
already noted, only four other European astrolabes are known from the 


11 See King, "Instrument Catalogue". Instruments are referred to by their numbers in the 
International Instrument Checklist (see Price et alChecklist), here preceded by the 
symbol #. 

14 The majority of the instruments cited in this study have been catalogued already. It is 
hoped to put this material on the Internet in the not-too-distant future. For the time be¬ 
ing, most readers must have recourse to Gunther, Astrolabes , a monumental work rid¬ 
dled with errors and long out of date, various catalogues, and the table of contents (from 
1991) of the Frankfurt catalogue available at: wwwuni-frankfurt.de/fbl3/ign/inslrument- 
catalogue.html. 

15 See Gunther, Astrolabes , I, pp, 300-301 (no, 154), Gunther unfortunately misdated the 
piece to 1747 (how, it is not clear). See further n. ! 30. 
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Fig. 10 The distinctive rete and distinctive throne on an 
AndalusI astrolabe dated 1240/41 (#154). Note the two 
quatrefoiis on the rete and the arabesque decoration that is 
so similar to that on the 14 th century Spanish astrolabe. 
[Photo courtesy of the late Roderick Webster, Adler 
Planetarium, Chicago, Ill,] 

Iberian Peninsula before 1500, all from Catalonia, 16 We shall have 
occasion to refer to them frequently. These are; 


16 Descriptions in Catalan based on a text in English by this author are to appear in the La 
ciencia en la histdria dels Paisos Catalans published by the Institut d’Estudis Catalans 
in Barcelona, currently in press. 
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#3042, from the late 10th century and now preserved at the 
Inst it ut do Monde Arabe in Paris. This was first described in 
1956 by Marcel Destombes, who, to his credit, recognized it 
for what it was. 1 ' More recently the piece has been the object 
of much controversy, not least because our knowledge of early 
European astrolabes rests on such weak foundations. 13 

#162, from ca. 1300 and now in the Society of Antiquaries in 
London, This elegant piece was first published in 1893, and 
was featured by R. T. Gunther in his monumental book on 
astrolabes published in 1932. It has recently been examined in 
detail. 1 ' 

#416, also from ca . 1300 and now in the National Maritime 
Museum, Greenwich. A full description is shortly to appear in 
the new catalogue of the Greenwich astrolabes, but some of its 
features have been discussed in recent papers. 20 

#3053, made in Barcelona by the Aragonese Petrus Raimundus 
in 1375 and now in the Museum of Fine Arts, Boston, Mass. 

This remarkable and extremely elegant piece has not yet been 
published in detail. 21 

We further note three AndalusT astrolabes that have later additions 
revealing that they came into the hands of Europeans and/or Jews in the 
Iberian Peninsular already iri the Middle Ages: 


1 Destombes, "Astrolabe carol ingien”. 

,s See the various studies in Stevens et ai> eds,, Oldest Latin Astrolabe , See also n. 43 
below. 

19 See Gunther, Astrolabes, II, pp. 306-309 (no, 162); and King & Maier, “Catalan Astro-* 
labe”, which contains as an appendix the text of the 1893 publication. 

20 See Greenwich Astrolabe Catalogue (forthcoming), also n. 16 above. The plates are 
discussed in King & Maier, "Catalan Astrolabe”, pp. 694-695, n. 60, and the Catalan 
month-names on the back in Maier, “Romanische Monatsnamen”, A, pp. 244-247. The 
V-shaped frame on the rete was popular on medieval English astrolabes; see King, 
“Earliest European Astrolabe”, fig. 14, for an illustration. 

"'The front is illustrated in King, “Earliest European Astrolabe”, fig. 16. See also n. 16. 
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#116, made in Toledo in 1029/30 and now in the Deutsche 
Staatsbibliothek in Berlin, has additions in Hebrew, probably 
also executed in Toledo, 22 

#3622, made in Cordova in the year 1054 and now in the 
JagielIonian Museum in Cracow, has additions in medieval 
Catalan, 23 

#1148, made in Seville in 1230 and now in the Museum of 
Islamic Art in Cairo, has additions in medieval Spanish, as 
well as in Hebrew, 24 

No astrolabes with inscriptions in Hebrew survive from medieval Spain. 
However, a single astrolabe with inscriptions in Judaeo-Arabic, that is, 
Arabic written in Hebrew characters, survives: 

#3915, made either in al-Andalus or in the Maghrib ca. 1300, 
and now in the R D. Khatili Collection in London, The rete 
design is related to that on #162. 25 There are several problems 
relating to this piece, 26 for it was made by someone who was 
more competent in engraving Hebrew script than in under¬ 
standing Arabic and astrolabes. 

Some remarks about recent research on astrolabes are in order here. 37 
Altogether some 150 Islamic and some 150 European astrolabes survive 


22 A detailed description is in Woepcke, “Arabisches Astro labium 1 *. See also Gunther, 
Astrolabes, 1, pp. 251 -252 (no, 116); Mayer, Islamic Astrolabists* p. 75 and pi. II; and n. 
248 below. 

25 Sec Maier, “Romanische Monatsnamen”, A, pp. 244-247, and, more especially the 
detailed description in idem , “Astrolab aus Cordoba 1 ’. 

See Maier, “Romanisehe Monatsnamen”, A, pp, 247-249, 

25 See King & Maier, “Catalan Astrolabe 1 ’, p. 681 and fig. 6 on p, 718, 

26 The description in Christie's Amsterdam 15.12.1988 Catalogue is repealed in Khali Ii 
Collection Catalogue, II, pp, 214-217 (no. 124). The problems of the instrument are 
overlooked: the plates and their inscriptions are confused (in other words, the latitudes 
underlying the markings on the plates do no correspond to the latitudes engraved on the 
plates) and the lengthy inscription makes no sense: see King, “Cataloguing Islamic 
Instruments”, col. 253. 

2 The best introductions to the astrolabe in English arc Greenwich NMM Handlist, and 
Hartner, “Astrolabe”, A-B. For Spanish readers Garda Franco, Astrolabios en Espaha , 
remains unsurpassed; it well deserves reprinting with new illustrations. The origin of 
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from before ca , 1500* Each is a historical source that can tell us 
something, some far more than others. Islamic instruments are usually 
signed 2 * medieval European ones usually not. 29 Islamic instruments can 
be associated with various regional schools which are relatively easy to 
define; for early European instruments there is often no obvious clue to 
the provenance, and sometimes a given rete design may be, say, English 
or French or Italian. The study of European rete design is still in its 
infancy. Islamic instruments are usually dated or easily datable, European 
ones are seldom dated and we have less control over dating them* 30 A 
select subgroup of instruments has more than a single layer of 
inscriptions, from which we can sometimes determine the subsequent fate 
of the instrument. 31 

some of the standard components on medieval astrolabes is discussed in King, "The 
Neglected Astrolabe". 

2fi On Muslim instrument-makers see Mayer, Islamic Asirolabists. 

29 Only seven European astrolabes from before ca. 1500 are signed. These are: #292, an 
English astrolabe signed by Blakenei (dated 1342); #304, also English, undated {ca, 

1400), with a problematic inscription yet to be interpreted; #3053, made in Barcelona by 
Petrus Raimundus of Aragon (dated 1375); #548, a 14th-century Italian astrolabe, has 
additional 15th-century markings by Henricus dc Hollandia; and #4523, made by 
Antonius de Pacent in “Lanzano” (dated 1420); #4506, an Italian astrolabe bearing the 
initials "KP” in Urbino, 1462 (obviously not by an Italian); and #640, dedicated in 
Rome by Regiomontanus to his patron, Cardinal Bcssarion (dated 1462). In the case of 
the last-mentioned it is not clear whether or not Regiomontanus actually made it, or 
whether it was made in Rome or Vienna (see King & Turner, “Bessarion’s Astrolabe", 
pp. 197-198). See further the next note and also n. 43. 

' u Dated European astrolabes from before ca. 1450 are only four in number (see the previ¬ 
ous note). These are: #291, an English astrolabe dated 3 326; #292, Blakenei *s astrolabe 
dated 1342; #3053, Petrus Raimundus" astrolabe dated 1375; #4523, the astrolabe by 
Antonius de Pacent dated 1420, On some dated astrolabes of the Vienna school between 
1450 and 1500 see King & Turner, "Bessarion's astrolabe”, pp, 188-190. On some 
problems of dating medieval Italian astrolabes see King, “Medieval Italian Non- 
Standard Astrolabe", §A l and §B2. 

31 For some examples of instruments with more than one layer of inscriptions see 
Nuremberg GNM 1992-93 Exhibition Catalogue, II, pp. 578-581 (on #548, a 14th- 
century Italian astrolabe with additional 15th-century markings by Henricus de 
Hollandia, probably in Paris); King, Ciphers of the Monks, pp. 132 and 141-142 (on 
#202, from 14th-century Picardy with numbers expressed in monastic ciphers, and with 
a later dedication dated 1522 from the Humanist milieu of Louvain); and Maier, 
“Astrolab aus Cordoba" (on #3622, from I ith-century Cordova, with Catalan additions 
probably from the 13th or 34th century - Maier has 15th century, which is too late). See 
also idem , “Romanische Monatsnamen”, B, on European additions to some Islamic 
astrolabes, including #116 (on which see also nn. 22 above and 148 & 248 below). 
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Numerous other features can be used to better understand an astrolabe 
and place it in its historical context: the engraving (the study of which is 
likewise stilt in its infancy) and the numeral forms; 32 the design of the 
throne and the rete; 33 the choice of stars and their names 34 and positions; 35 
the latitudes and/or localities mentioned on the plates; 36 the organization 
of the solar and calendar scales; 37 the existence of additional markings 


A useful guide to relevant number notations is Ifrah, Histoire des chiffres. More detailed 
studies of the Arabic, Hebrew and European notations are listed in nn. 51, 54 and 79. 
See also King, Ciphers of the Monks, pp. 281-317. In this study I use the notation for 
sexagesimal numbers standard in the modern literature on the history of the exact 
sciences: thus mV stands for mV. 

33 See King, “Astronomical Instruments between East and West’ 1 , p. 160, and also idem, 
“Earliest European Astrolabe”, for several illustrations of medieval European astrolabes, 
in the main previously unpublished. 

34 Arabic star-names are clearly defined and on Islamic astrolabes are generally correctly 
spelled. On the star-names that one might expect on medieval European astrolabes see 
Kunitzsch, Arabische Siernnamen, based mainly on textual sources; on actual astrolabes 
there are numerous forms of individual star-names that are even more corrupt than those 
in the texts. In general it is possible to identify the types of star-catalogues may have 
been used originally for a particular set of star-pointers, although there are many 
examples of star-names that have been much corrupted by copying from one instrument 
to another, without recourse to any manuscripts. The hazards of investigating such 
names are well revealed by the present study. See also King, “Star-Names on Three 
Medieval Astrolabes”, where the star-names on #4560, #202 and #493, respectively 
from 14th-century Spain, France and Italy, are investigated. 

35 For the first serious attempt to investigate star-positions on astrolabe retes in the light of 
medieval knowledge about these positions (and with occasional resort to modem 
knowledge) see Stautz, Untersuchungen. 

36 See King, “Geography of Astrolabes”, dealing with the geographical data on all Islamic 
astrolabes to ca. 1100 as well as the earliest European astrolabes (including #3042, 
#416, #162 and #202). 

The plates on the earliest Eastern Islamic, Western Islamic and European astrolabes 
were specifically for the seven climates of Antiquity: sec further n. 264 below. On the 
importance of the climates in medieval instrumentation see King, “Astronomical 
Instruments between East and West”, pp. 152 and 168-169; idem , “Geography of 
Astrolabes”, pp. 6-9; idem, Mecca-Centred World-Maps, pp, 24, 27-28 and 230-234; 
and idem. Ciphers of the Monks, pp. 356-357, 360-361 and 411-415. 


37 These scales feature on the vast majority of Western Islamic and European astrolabes, as 
well as on some from 12th and 13th-century Syria and Egypt. See further rt. 209 below. 
The dangers of dating instruments solely by the data that can be gathered from the 
correspondence between the solar and calendrical scales are well known: see Michel, 
Trade de Tastrolabe, pp 135-141; Zinner, Astronomische Instruments, pp. 138-139; 
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such as a universal horary quadrant, to provide a quick approximate 
solution to the problem of determining time from solar altitude for any 
latitude; 38 the nature of the shadow scales; 39 etc. This particular astrolabe 
even provides new information on the medieval alphabet 411 and the early 
history of the Hindu-Arabic numerals in Europe, 41 

Instruments have been persistently ignored in studies of medieval 
metalwork, even though, at least in the Islamic world, they provide the 
largest single corpus of signed and dated historical objects, 42 There has 
also been an unfortunate tendency in 20th-century scholarship to dismiss 
as fakes instruments that do not fit into known categories. 43 It is 
symptomatic of the state of the field that the earliest surviving European 
astrolabe, #3042, was deemed highly suspicious by scholars who could 
not understand it; no amount of scholarship can now undo the damage that 
has been done to this piece. Metal analysis has not yet been applied to 
medieval instruments, except in a rather haphazard fashion to two such 
supposedly suspect pieces. 44 Nevertheless, the study of medieval 


Poulle, "Peut-on dater tes astrolabes?”; G. Turner, “Carolingian Astrolabe", pp. 426- 
429, and idem, “Dating Astrolabes”. 

u See King, SATMI, IXa; On the Universal Horary Quadrant for Timekeeping by the Sun, 
Ibid., IXa, Appendix B: On Shadow Scales. 

JL) On the medieval alphabet a, b, , z, followed by the symbols Sl and 9, especially as 
used in lists and concordances in medieval Europe, sec King, Ciphers of the Monks, pp. 
43-45. In the numbering of Section 3 of this paper, I have deliberately used one such 
medieval technique, a - z, 9, followed by “aa" and “bb’\ 

41 Another piece, #202, from ]4th-cenlury Picardy, bears numbers in a notation completely 
different from the Roman and Hindu-Arabic notations: see King, Ciphers of the Monks* 
pp, 131 -151 and 406-419, and also n. 101 below. 

4 ~ A useful introduction is Ward, Islamic Metalwork with almost exclusively Eastern 
Islamic examples. See also Granada-New York 1992 Exhibition Catalogue , pp, 207-223 
and 270-295 (some two dozen metal objects from al-Andalus) and 376-383 (four brass 
ast ro nom ic a l i n si rum en ts), 

43 On #3042 (cited already in n, 18 above) see Stevens et aL , eds,, Oldest Latin Astrolabe. 
Some have thought that this was from the IOth century, others that it was from the laie 
Middle Ages* and a few saw it as a modern forgery. 

See also King & Turner, “Bessarion's Astrolabe", on #640, an instrument dedicated by 
the leading astronomer of the 15th century to his patron, which was pronounced suspect 
after it had been auctioned in 1989. See also the next note. 

44 See, for example, Graluze & Barrandon, “Nouvelles analyses”, for the results of such an 
analysis of #3042. Here we are dealing with a 10th-century instrument but this was not 
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astronomical instruments in general and astrolabes in particular has taken 
enormous strides in recent years, 15 

2 Description of the astrolabe 

a) Introductory remarks 

The astrolabe is in brass with inlaid silver cartouches on the back, it has a 
diameter of 133 mm see §3g - and is 5 mm thick. It has been assigned 
the number 4650 in the International Instrument Checklist/ 6 

b) The engraving 

The engraving is partly in Latin script, partly in Arabic script, and there 
are scratches in Hebrew, It is clear that the instrument was started by a 
Jew, partly engraved by a European and then completed by an Arab, and 
that the Arab took over the engraving from the European, It may be that 
they collaborated at least in the inlaying of the silver cartouches on the 
back, for these were pail of the original decoration but the inscriptions on 
them were engraved by the Arab, 


proven by metal analysis because no comparison with contemporaneous metalwork - 
such as reliquaries, caskets, candlesticks and the like - was conducted. In this case the 
engraving and also the astronomical and geographical data thal the instrument can yield 
are more useful. See also King & Turner, “Bessarion's Astrolabe*’, pp. 183-186, for the 
results of a metal analysis of #640. In this case the authenticity of the instrument 
dedicated by Regiomontanus to the Cardinal Bessarion was confirmed by finding ten 
others from the same workshop. This alas does not answer the question; “who actually 
made it?” (see n. 29 above). One thing that would be useful now is a metal analysis of 
the whole corpus. 

45 See King, “Astronomical Instruments between East and West”, already outdated, and 
idem. Ciphers of the Monks, pp. 364-419. 

The study of Renaissance instruments has also taken enormous strides. See G. Turner, 
“Giusti’s Workshop”; idem & Dekker, “Astrolabe by Mercator”, and eidem, 'Three 
Astrolabes by Mercator”, as well as G. Turner, Elizabethan Instruments. For the 16th- 
century school in Louvain and its Spanish connection see also van Cleempoel, Louvain 
Instruments , and the same author’s contributions to Madrid 1997 Exhibition Catalogue. 
On a newly-discovered instrument in the latter tradition see Moreno et a/., “Spanish 
Astrolabe”, with some problems of interpretation. 

46 See n. 13 above. 
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The forms of the Latin letters — see Fig. 9 - are standard, with one 
exception. A letter ‘9’ resembling, but not identical with, a ‘9’ is used for 
a hard C (to be pronounced K orQ) in some of the inscriptions. Also there 
is one ligature OR. See further §2h and §3b. 

The European engraver used the medieval European forms of the 
Hindu-Arabic numerals that were used from the 12th century onwards, 
with one significant exception. Particularly striking is his use of the 
“upside-down” ‘2’, which belongs to the forms introduced in Spain in the 
I Oth century. 1 Also he used bar fractions with the numerator on the 
bottom and the denominator on the top. See Figs. 7 and 9d and further §2j 
and §§3d-e. 

The Arabic script is naskhl, but this does not mean that the engraver 
was from, say, Syria or Egypt rather than from al-Andalus or the Maghrib. 
In the 14th century naskht script was used for inscriptions in the Nasrid 
Kingdom of Granada, which was still in Muslim hands - see §3f. 

c) The throne 

The throne is elegantly worked with pierced arabesque, This is most un¬ 
usual on a European astrolabe - see §3h. 

d) The suspensory apparatus 

A circular ring is attached to a shackle fitted at the top of the throne. The 
shackle has rounded low conical bosses on the front and back. There is an 
inscription in Arabic on both sides of the boss of the shackie, which 
identifies the owner — see Fig. 7. 43 It reads: 


4 ' The form is "upside-down” only in relation to the form ‘2’ that later became standard. It 
is in fact that form, which we use today, which is upside-down with respect to the 
earliest form of the ‘2 1 in Europe, that being derived from one of the several Arabic 
forms by rotation and some stretching. See Kunitzsch, “Hindu-Arabic Numerals 1 ’. 

4S The second part of this inscription was incorrectly read as a chronogram in Nancy 
28.06. / 998 Pamphlet , The sum of the numerical values of the letters in the phrase a )- 
wathiq bi-'l-malik al-ma f bud is indeed 914, and taking this as a Hijra date, one arrives at 
an equivalent date of 1508/09 A.D. But making a chronogram out of part of an 
inscription of this kind goes against the rules of the game, on which see Ahmad, '‘Arabic 
Chronograms”, and Ifrah, Histoire des chiffres, 1, pp. 600-604. It would be acceptable to 
use a chronogram in a sentence like “Mas'ud acquired it {imtalakahu or something 
similar) /or ! finished the engraving (atamma naqshahu or the like) ... 
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$ahibuhu 'l-faqir Mas ‘ltd 
al-wathiq bi-’l-malik al-ma 'hud 

which translates: 

“Owned by the needy Mas‘ud, 
who trusts in the King who is to be worshipped (i.e., God).” 

The word $ahibuhu has been stretched all around the boss on the front. 
There is an unhappy sukun (zero-vowel) on the initial $ {= $ad), and the 
seat of the b (= bd ') coincides with the top of the / (= lam) of al-faqJr so 
that the dot is not visible. The k (= kdf) in al-malik has been repeated 
above the word. There is a criss-cross decoration below the m-s of 
Mas l ud. These details are significant - see §3f. 

e) The mater 

The circumferential scale on the mater is divided into 5° intervals subdi¬ 
vided for each 1° and labelled for each 10° from 10° to 360° - see §3d on 
the forms. 

Around the rim there are divisions for each 15°, corresponding to each 
hour of the day. These are numbered from 2-12 and again 1-11 in a later 
(16th-century) European hand - see §3d on these forms too. 

The inside of the mater bears no engravings whatsoever. However, the 
imprints of the silver cartouches on the back and the marks of the 
hammering to make the brass better receive the molten silver are clearly 
visible - see Fig. 4. 

The back (see below) is riveted to the rim of the mater with 14 rivets, 
whose outlines are all still visible on each side. (On some medieval 
astrolabes the mater and back are of one piece. 4y ) 

J) The rete 

The rete is of elegant and distinctive design - see Figs. 1-2. 50 There are 
three half-quatrefoils attached to the inside of the ecliptic ring, each 
supporting a single star-pointer. The horizontal bar is counter-changed at 
the ecliptic ring and again between the ecliptic ring and the central cir¬ 
cular disc. 

45 On #3042 and #162 the back is brazed onto the rim. 

i0 R. T. Gunther would have labelled it "Hispano-Mauresque” - see his Astrolabes, II, p. 
306. 
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Between the lower equatorial bar and the circumferential frame there is 
a distinctive small circular frame. A thin bar connects the equatorial frame 
to tiie central disc along the vertical diameter. Two small bars in the form 
of half-quatrefoils join the upper part of the ecliptic ring to the outer 
frame. There are four silver buttons serving as handles, two on the 
horizontal frame outside the ecliptic (the one on the left is missing), one at 
the top of the ecliptic ring and another at the centre of the equatorial 
frame above the small circle. For more on the design see §§3i-j. 

The scale of the ecliptic is divided into unlabelled 6°-interva!s within 
each zodiacal sign. The signs on the ecliptic ring are named as follows, 
abbreviated for lack of space in the first half of the ecliptic ring: 

ARI - TAU - GEMI - CAN - LEO - VIR 
LIBRA - SCORPI - SAGITA - CAPRI - ACUARI - PISCES 

On the two forms in bold, see §3c below. The engraving is not identical to 
that of the star-names (see below). The equivalent Arabic names are 
correctly but uncomfortably engraved in the barely adequate remaining 
space. The forms are the same as those on the back (see below). 

The back of the rete bears no astronomical markings other than the 
circle of the winter solstice on the inner side of the circumferential frame 
and. on the lower right half of the ecliptic frame, part of the circle of the 
summer solstice. 

g) The star-pointers 

Altogether there are 21 star-pointers, with the larger ones having three 
decorative holes in the base and the smaller ones a single hole. See further 
§§3k-l. Another pointer at the left-hand end of the lower equatorial frame 
is a dummy, serving not only the exigencies of symmetry but also to 
strengthen the rete. 

h) The Latin names of the stars 

The names of the stars are engraved differently from the names of the 
zodiacal signs, but not necessarily by a different person. Their forms are a 
mixture of Europeanised Arabic and Latin, as was standard on medieval 
European astrolabes. A curious symbol ‘9’ is used for a hard ‘C’ (see be¬ 
low). Only in the name RIGORCA (no. 8) does the standard form of the 


Suhayl 3 (2002-03) 


36 


David A. King 


‘C’ appear, and this is used throughout on the ecliptic ring. Also there is 
one ligature ‘OR’ (again no. 8). The colon (in nos. 18 and 21) is used as a 
separator. A list of the star-names follows, with those of especial 
historical interest in bold. 


1 

PANTA 9AITOS 

12 

FE9A 

2 

ALGOL 

13 

ON9E 

3 

DBRAN 

14 

90R S90RPI 

4 

RIGEL 

15 

UEGA 

5 

ALABOR 

16 

RADF 

6 

90MIZA 

17 

ALTAIR 

7 

90R LEO 

18 

9AUD:90AR1 

8 

R1GORCA 

19 

9ABI 

9 

90RUUS 

20 

OMER9I 

10 

SPI9A 

21 

DNP 9AITOS: 

11 

ALRAME 




See §§3m-n for comments on the selection of stars and on the names 
applied to them. 

i) The Arabic names of the stars 

The Arabic names have been added secondarily to the European names 
for four stars in the same hand as that on the boss of the shackle: 

3 dabran (the standard form 13 al-hayya 

is dabaran) 17 al-fdyir (the standard 

6 ghumaysa (the standard form is alfd 7r) 

form is ghumay$a ’) 

See Fig. 8a for the first of these and §3o for comments on these names. 

Also the Arabic names of most of the other stars (all but no. 19) have 
been lightly scratched near the pointers in an inelegant hand. The hand is 
careless and inexact, quite different from that of the main Arabic 
inscriptions, but the names, in so far as they can be seen, are essentially 
correct. 
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j) The three original plates 

Each of the four plates bears standard astrolabic markings for altitudes, 
azimuths and seasonal hours — see Fig. 5a-b. The altitude circles are 
engraved for each 6° and the azimuth circles for each 10°, the latter 
extending only to altitude 78°. Three of the plates are marked in Htndu- 
Arabic numerals for latitudes: 


la 

327; 

2a 

40 

1b 

42 

3a 

43 

2b 

45 

3b 

497; 


2 

The fractions are both written -— see §3e below* 

The plates for latitudes 32'/ 2 ° and 43° each bear a second horizon, both 
for latitude ca. 45Both of these additional horizons are lightly engraved 
and give the impression that the maker started the plates for this latitude 
and then changed his mind. 

The plate for latitude 32 1 / 2 ° bears fish-bone markings on the altitude 
circle for 18° between the solstitial circles, which are different from those 
on the fourth plate - see §21 and §3v* 

These three plates are of different thickness. Their weights in grams 
are: 

PI: 44,4, P2: 49.5, and P3: 53*9. 

See further §§3r-s for further details on the latitudes used on these 
plates. 

k) The inscriptions in Hebrew characters 

Near the pegs on each side of these three plates the latitudes, this time in 
degrees and minutes - 32 30, 40, 42, 43, 45, 49 30 - are scratched in 
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Hebrew alphanumerical notation, using a Sephardic cursive variety of 
script (sometimes called rasht ) 51 - see Fig. 8c and further §3t 

l) The fourth plate 

The fourth plate is inscribed on one side in Arabic: *ard al-Jazdyir 
“latitude of Algiers” - see Fig. 6b. The hand is the same a that of the 
inscription on the boss of the shackle and of the four Arabic star-names on 
the rete. There is a sukm on the first r (rd % a second on the / (= lam ) and 
yet another on the final r (~ rd A latitude of ca. 36°, possibly 35;30°, 
underlies the astrolabic markings. 

This plate for Algiers bears unlabel ted curves for the times of the 
midday and afternoon prayers (zuhr and ayr). The altitude curve at 18° 
above the horizon is distinguished by fish-bone markings between the 
solstitial circles for the prayers at nightfall and daybreak (‘ishd ’ and fajr). 
On the other side there are astrolabic markings for an unspecified latitude, 
which can be determined by inspection to be ca. 21 ;30°, possibly 21;4G°, 
serving Mecca/" The altitude circle for 18° bears fish-bone markings, as 
on the side for Algiers. 

This plate may have been prepared in its raw form by the European 
who made the others. It is slightly thicker than the thickest of the three 
other plates: it weighs 57.5 grams. Whilst at first sight the astronomical 
markings resemble those of the other three plates, closer inspection 
reveals that they were not engraved by the same person. In fact, it seems 
that the astronomical markings, as well as the Arabic inscription 
mentioning Algiers, are by Mas r Qd. See §§3u-v for more details. 


M On Hebrew alphanumerical notation see Ifrah, Histoire des chiffres, L, pp. 520-529, and 
also Gandz. '‘Hebrew Numerals’* (does not deal with medieval usage), and Goldstein, 
"Hebrew Astrolabe'*. On various examples of Sephardic cursive script see Bimbaum, 
Hebrew Scripts , I, pp. 263-267, and If nos. 246-251 . In Nancy 28.06 . 1998 Pamphlet the 
markings in Hebrew script are overlooked. 

Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 225-226; and King, 
"Geography of Astrolabes* 1 , p. 13. 
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m) The back 

The back - see Fig. 3 - bears two altitude scales in each quadrant above 
the horizontal diameter. These are divided for each 5°, subdivided for 
each 1°, and are labelled for each 10° from 10° to 90° on each side. The 
corresponding scales below the horizon are divided for each 15° but bear 
no labels: they define the midpoints of the, zodiacal signs on the scale that 
they bound. 

n) The double shadow square 

Below the horizontal diameter is a double shadow square, with horizontal 
shadows labelled OMBRA RE9TA and vertical ones OMBRA UERSA. 
The shadows are to base 12, as was standard in medieval astronomy, and 
the scales are divided for each four units sub-divided for each unit and 
labelled for each four units: 4-8-12. 

o) The solar and calendrical scales 

The solar scale on the back is divided for each 5° of each zodiacal sign, 
subdivided for each 1° and labelled for each 10°. The excentric 
calendrical scale is divided for each 5 days, sub-divided for each single 
day and labelled for each 10, thus: 10-20-n, where n is the number of 
days in the month (e.g., 31 for January, 28 for February, etc.). The 
equinox on the solar scale corresponds to March I3 '/j on the calendrical 
scale. The other equinox is at September 16 1 /:, and the solstices at June 
15"V 4 and December M'/j. See further §§3w-x. 

p) The silver cartouches 

The silver cartouches for the names of the signs of the zodiac and the 
months on the back were inlaid at the same time as the graduated scales 
were engraved. Their borders are contiguous with the circles bounding the 
scales. The extremities of the ‘‘rectangular” cartouches are in the form of a 
half-quatrefoil. See further §§3y-z. 
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q) The names of the zodiacal signs 

The names of the zodiacal signs on the solar scale are in Arabic, engraved 
on the first set of inlaid silver cartouches. The names are the standard 
Arabic ones, namely: 

al-hamal - al-thawr - al-jawzd [’] — 
al-sarafan - akasad - aksu[h\bula - 
al-mizdn — al- f aqrab — akqaws - 
al-jady - akdalw - akhut 

The hamza at the end of al-jawzd ’ has been omitted, as has the n (= nun) 
in akstmbula . On these names various Arabic letters or alphanumerical 
letters or vowel-signs are also engraved. In the following list and 
hereafter, 0 denotes a sukun or zero-vowel sign, and a, i 7 u the vowels, 
written in the inscriptions as d (“ alij ), y (= yd% and w (= wow); 53 * 
denotes a shadda , the sign denoting a doubled consonant, and ? represents 
the weak guttural hamza ( The additional symbols are: 


al-hamal: 0 0 u 
al-jawzd: 0 (altered) 
akasad: 0 z (= zdy) d (= dal) 
al-mizdn : h (hd) or j (= jim) 0 
akqaws : 0 a 
akdalw: a * 


akthawr: u a or 0 (squashed) 

al-saratdn: no marks 

al-sunbula : + a i 

al- 'aqrab: 0 0 

al-jady: a 

al-hut: 1 a 


These, along with various criss-cross patterns and flourishes, have been 
used as a kind of decoration. Yet their presence and organization is not 
entirely fortuitous - see §3& and §3aa below. 


51 As noted in Wright, Arabic Grammar , ], p, 8, the standard vowel signs are probably 
originally derived from these corresponding weak consonants. 
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r) The month-names 

The month-names on the calendrical scale are also engraved in Arabic in 
the second set of inlaid silver cartouches. They are unvowelled, as is 
usual: 

ynayr -Jbrabr [ji'c for fbrayr] - mars - 'bryl - mdyw -ywnyh - 
ywlyh - ‘ghsh t - shtnbr - 'ktwbr - nwnbr - djnbr 

Again there is a surplus of sukuns, namely, on the final r (= ra ') of fbr ’br, 
on the w {= wdw) of m ’yw, the w of ywlyh, and the sh (= shirt) of 'ghsht . In 
addition there are shaddas on the s (= sin) of m’rs, the t (= ta’) of shtnbr , 
the k (= kdf) of 'ktbr, and the w of nwnbr. These are of particular interest 
- see §39 (located after §3&, which follows §3zl). 

Next to these names is engraved a number in Arabic alphanumerical 
notation: 5 ' 1 

alif— da! - dal - zay - bd’ — ha’ - zay - ta’ - wdw — td’ - dal - wdw 
1-4-4-7 —2 — 5 —7 — 3-6-3-4-6. 

The associated numbers are for finding the feria or day of the week (the 
third value from last should be 1 not 3). Thus if the year starts on a 
Sunday (=1), February will start on a Wednesday (= 4), etc. 

s) The alidade 

The alidade - see Fig. 4 - is of the counter-changed variety with a square 
plate at the centre and clef decoration at each end. The rectangular sights 
each have a circular hole 2 mm in diameter and a semicircular cut-out in 
the half of the base which sits free of the radial stems. A small circular 
ring attached to the head of a screw with washer fits inside a hollow 


^ On Arabic alphanumerical notation see Irani, “Arabic Numeral Forms"; Kunitzsch, 
“Letters in Geometrical Diagrams”, table 1 on p. ! 4; and also Ifrah, Histoire des chiffres, 
I, pp. 582-591. 
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cylindrical shaft attached to a ribbed circular disc. This appears to be 
original - see §3bb. 

3 Commentary 

a) Five layers of inscriptions 

We can distinguish five different layers of inscriptions, of which the main 
ones, namely, the second and third, appear to be contemporaneous and the 
first cannot have preceded them by very long (a matter of days at the 
most). The fifth layer was certainly added a long time thereafter (16th 
century?), 

1 The Hebrew inscriptions scratched on three of the plates, 
apparently intended only as an aide-memoire to the maker, 

2 The “Latin” inscriptions"' on the rete, back and three plates. 

3 The Arabic inscriptions on the boss of the shackle, the rete, the 
back, and the fourth plate. These were all engraved by the first 
owner, Mas'ud, 

4 The second set of Arabic inscriptions scratched on the rete, 

5 The 16th-century Northern / Eastern French numeral forms 
engraved around the outer rim. 

The possibility that the Latin inscriptions were engraved by the same 
person who scratched the Hebrew characters on the plates cannot be 
excluded. Thus we would have four different layers (with la and lb by 
the same person): 

I a The Hebrew construction marks on the plates, 

55 Here and elsewhere the term “Latin” is used advisedly, and in preference to, say, 
“Gothic”, The “Latin” inscriptions include the medieval forms of the Hindu-Arabic 
numerals on the various scales on the front and back as well as on the plates, the names 
of the signs on the ecliptic ring, the star-names, and the inscriptions on the shadow- 
square on the back. Note that the engraving on the ecliptic ring is slightly different and 
from an orthographical point of view significantly different from that used for the star- 
names (for example, no is used). 
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] b The “Latin” inscriptions on the rete, back and three plates. 

2 Mas‘ud’s Arabic inscriptions on the boss, the rete, the back and 
the fourth plate. 

3 The second set of Arabic inscriptions on the rete. 

4 The Northern / Eastern French numeral forms around the outer 
rim. 

Yet another possibility must be mentioned, namely, that the first and 
fourth of the five sets of inscriptions were made by the same person, after 
the Latin and the main Arabic inscriptions had been completed and 
presumably after the instrument had passed out of the hands of Mas‘ud, 
its first owner. The probability that a Jewish owner would engrave the 
latitudes in Hebrew alphanumerical notation for his own purposes (rather 
than for construction purposes) and would have added the second set of 
Arabic markings should be considered. In favour of this hypothesis, there 
is the fact that both sets are scratched rather than engraved. A Jew 
competent in Arabic might have thought that the star-names should all be 
in Arabic, and the Hebrew alphanumerical notation is basically the same 
as the Arabic one anyway - only the script is different. There is a 
substantial corpus of inscriptions and literature in Judaeo-Arabic, that is, 
Arabic written in Hebrew script from medieval Spain and the Maghrib, as 
well as from other parts of the Islamic world. 56 In other words we would 
have four main layers of inscriptions (with 3a and 3b by the same person): 

1 The “Latin” inscriptions on the rete, back and three plates. 

2 The Arabic inscriptions on the boss, the rete, the back and the 
fourth plate. These were engraved by the first owner Mas‘ud. 

3a The second set of Arabic inscriptions on the rete. 

3b The Hebrew inscriptions scratched on the plates. 

4 The Northern or Eastern French numeral forms around the outer 
rim. 


5( ’ See the article “Judaeo-Arabic" in Ef. 
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Against this hypothesis is the fact that the second set of Arabic 
inscriptions was clearly added after Mas‘ud engraved his four star-names, 
for these are not included in the second set. 

b) The Latin engraving 

The engraving of the “Latin” star-names, the latitudes on the three 
original plates, and the inscriptions on the back is in a single hand. The 
engraving of the names of the signs on the ecliptic ring is different, but 
not necessarily by another person. Both sets of forms of the letters are 
standard for 13th- and 14th-century Spain. 57 They are shown in Fig. 9. 5X 

The special ‘9’ form for hard C C’, which is used with only one 
exception in the star-names and also in the word RE9TA on the back, but 
not on the ecliptic ring, is not attested on any other known medieval 
instrument. A more usual form of ‘C* is found in the star-name 
RIGORCA (no. 8). It seems that ‘9’ is used when the sound is a hard ‘C’ 
or a ‘K’ or a ‘Q\ The normal ‘C’ in RIGORCA may mean that it was pro¬ 
nounced RIGORCA or RIGORS A. 

The letter ‘Q’ was written like ‘9’ in certain Spanish manuscripts from 
the 13th to the 15th centuries, 59 as a result of writing the tail of the ‘Q’ to 
the left rather than the right. The hypothesis that the ‘9’ here is intended 
to be a ‘O’ is not tenable. For on the astrolabe it is not just ‘Q’ which is 
engraved as ‘9’ but also, for example, the hard ‘C’ as in 90R and 
RE9TA. And some of the same Spanish alphabets have a ‘K’ whereas 
others do not. So we must look beyond the standard alphabets. 

The symbol ‘9 7 is actually a letter of the expanded medieval “Gothic” 
alphabet. 60 This consisted of the letters ‘a’ to ‘z’, 61 and in addition the two 

^ 'fhe resemblance to the engraving on the Catalan astrolabe #162, datable at. 1300, and 
#3053, made in Barcelona in 1375 by an Aragonese, is striking. On the former see the 
letters and numbers reproduced in King & Maier, "Catalan Astrolabe , p. 716, fig. 4, 
drawn by Re in hard Glasemann, Frankfurt. 

53 These were also drawn by Reinhard Glascmann. 

^ See Garcia Villada. Paleografut espanota y I, pp. 328, 330 and 335, as well as p. 356 ad 
fig. 112 in vol 11 T and also Lopez de Toro, Abreviaturas hispanicas, tables 1-11. , 

60 See already n. 40 on ihis extended alphabeL. 
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letters the “ampersand” that we still use today, and a letter ‘9 5 which 
has no name, but which was “so graceful and chaste in early and middle 
gothic”* 62 This ‘9 s is attested already in Roman Antiquity: it is mentioned 
by the grammarian Valerius Probus in the 1st century. Originally 
conceived as one of the symbols of the Tironian Notes, the Roman speed¬ 
writing notation devised by Tiro, amanuensis of Cicero ( ca . 63 B.C.), 63 in 
the Middle Ages it served firstly as an abbreviation for the prefix con- or 
cum- and, secondly, albeit upper-case and in smaller versions which 
sometimes resemble a comma, the ending -us. It is well known to all those 
familiar with Latin and medieval palaeography and its almost perverse 
systems of abbreviations,^ and its presence has already been noted on 
medieval astrolabes. 6 ' On this astrolabe we find the '9' used as a letter of 

61 With or without certain letters such as ‘h’, ‘j f , *k\ 4 q\ *v\ ‘w’ and ‘y\ depending on the 
language involved. 

61 Quoted from Thomson, Latin Bookhands, notes ad no. 17. 

63 On the Tironian notes see Kopp, Lexicon Tironianum, and Costamagna et al.. No tec 
Tiromance. 

64 The abbreviation "9' is discussed in Chassant, Dictionnaire des abreviations, pp. xxxii 
and xxxiv* Prou, Manuel de paleographic la tine et franqaise, pp. 67 and 68, and 
Cappclli, Lexicon ahbreviaturarum , pp, XXV-XXVI, where the two different forms are 
distinguished; Delisle &. Traube, “Signe abreviatif 5 ; Poupardin, “Abreviation”; 
Schiaparelli, “Note pa!eografiche’\ pp. 248-249; Laurent, De abbreviationibus, pp, 43- 
44; and Bischoff, Palaeography , pp. 1 51 -168, 

For lists of words in Latin and French beginning with this abbreviation see Chassant, 
Dictionnaire des abreviations, pp. 109-112 and 150; and Prou, Manuel de paleographic 
latine et franqaise , pp. 343-349 and 378. Cappelli, op cit ., pp. 68-85, gives numerous 
examples but not of 4 9" being used strictly as a letter of the alphabet. Various examples 
of the standard uses of the ’9" from medieval Spanish manuscripts are illustrated in Mil- 
lares Carlo* Paleografia espahola * II, pp, 112-113, pL 76B, nos. 73-8! (for con-) and 
85-96 (for -us). 

On practice alphabets found in medieval sources see Wolpe, “Florilegium Alpha- 
beticum”; the article “Abecedaire” by H. Leclercq in Diet , arch , chret, I, cols. 45-61; 
and Oilman, “Abecedarian 

65 An additional 15th-century inscription on a 14th-century Italian astrolabe, #548* reads: 
HenricB de Hollandia 9 posuit me t where the verb is composing meaning here “pul to¬ 
gether in its present form”. There is also a plate for pari9, that is, Parisius, See Nurem¬ 
berg GNM 1992-93 Exhibition Catalogue , II, p, 580 (ad no, 1,74) and figs. 1.74.3-4. 
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the alphabet, which is an extremely rare palaeographic phenomenon, but 
which must be associated with a particular location and epoch. The 
question is: can we use this unusual feature to identify the provenance? 66 
Until the present time it has not been possible, 67 Apparently the £ 9’ was 
used in 12th-century Aragon for a simple L S\ 6S but the use of L £T for a 
hard ‘C* on a 14th-century astrolabe seems to constitute the first (and 


Likewise, the star-name 9 iuncte for coniuncie is found on an Italian astrolabe #4509 
from ca. 1300 - see Amsterdam 1990 Exhibition Catalogue , p. 101 (no. 186) and p, 106, 
The 8th month-name is engraved as AUG9TVS (AUG9T9 would be more consistent!) on 
a 13th(?)-century astrolabe of uncertain provenance, #558 - see Nuremberg GNM1992 - 
93 Exhibition Catalogue , 11, p, 576 (ad no. 1.72). 

66 See the study Sed-Rajna, “Toledo or Burgos?”, dealing with illuminations in a corpus of 
medieval manuscripts, 

67 The following works have been consulted in addition to various catalogues of manu¬ 
script collections in Madrid, Toledo and Salamanca; 

Madrid MAN Catalogue, on epigraphic inscriptions; Thomson, Latin Bookhands, with 
numerous dated extracts of manuscripts arranged according to provenance; Garda 
Villada, Paleografia espahola, Millares Carlo, Paleografia espahola; Gimcno Blay, 
"Escrituras bajomedievales”, alas restricted to collections in Valencia; Cooper, 
"Language of Late Medieval Aragon”, a linguistic review of a corpus of late medieval 
documents from Upper Aragon; Mateu Ibars, Braquigrafia de sumas , on abbreviations 
in numerous Spanish Latin numerous scholastic texts from the 13th to the 16th century; 
Mateu Ibars & Mateu Ibars, Colectanea paleagrdfica, dealing with Aragonese manu¬ 
scripts and richly documented with sample alphabets; Marin Martinez & Ruiz Asencio, 
Paleografia y diplomatica, with numerous regional examples of alphabets; Amall i Juan 
8l Pons i Guri, L 'Escriptura a les terres gironines, dealing with examples from Girona; 
and Uson Sese, Escritura en Aragon, dealing with calligraphy in Aragonese texts from 
the ] I th to the 16th century. 

From the extracts presented in Thomson, Latin Backhands, it appears that French 
copyists had more of a predilection for the use of ‘9' for con-, etc ,, than their counter¬ 
parts elsewhere in medieval Europe, but this may be an illusion. 

68 This is stated categorically in Millares Carlo, Paleografia espahola , 1, p. 113 (“si lo uso 
a veces con valor de simple s, y asi se lo ve en documentor aragoneses del siglo XI FT 
but the reference is alas a blind one, since the sources referred to in the associated foot¬ 
note, namely. Delisle & Traubc, “Signs abreviauf”, and Poupardin, “AbreviationT deal 
only with the symbol "9" in French and Belgian manuscripts. 

We also note the use of *Cc’ for V in a Spanish manuscript dated 1422 - see Garcia 
Villada, Paleografia espahola , p. 352 ad facsimile no. 109, There is no distinction made 
between c and £ in the organization of an Aragonese glossary from 14th-century Toledo 
- see Castro, Glosarios latino-espaholes, pp. 3-5. 
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perhaps only?) evidence of this particular phenomenon, thus being, at 
least in my opinion, of extreme epigraphic importance, 69 and one that we 
can only ever hope to understand within the context of medieval Spanish 
epigraphy. 

In addition, a ligature OR is used in the same star-name RIGORCA. 
This particular ligature is common in early (9th- to 12th-century) 
manuscripts. 70 It is probably not insignificant that a ligature AL is used on 
the medieval Catalan additions to an 1 Ith-eentury Islamic astrolabe from 
Cordova (#3622), 71 as well as on various later medieval astrolabes. 

Only once in the recent past has an epigrapher turned his attention to 
the engraving on a medieval astrolabe, confirming from the distinctive 
forms used for the lettering what is evident from other aspects of the same 
instrument. 72 The spadework of epigraphers may eventually lead to a 
localisation of the distinctive Latin engraving of the astrolabe under dis¬ 
cussion. 


I thus beg to differ with two colleagues. Firstly, Paul Kunitzsch of Munich (letter of 
6.09.2000) wrote: "I am not sure whether ... the 9 was really intentional for a ”hard C” 
or just simply a graphical variant, a personal [quirk] of the craftsman.” Also Martin 
Heilmann of Heidelberg, who has recently published a doctoral thesis on a medieval 
commentary to Boethius partly written in Tironian Notes, and has also reviewed my 
recent findings on a missing connection between Ancient and medieval shorthands (see 
his “Review of King, Ciphers of the Monks”), points out (private communication on 
30.11.2002) that: (1) there was no need in Latin for another symbol for a hard *C\ since 
b C\ VK' and £ Q + were available; (2) it would not be abnormal for a scribe lo make a "Q\ 
written "9\ out of a to represent a hard *C'; further (3) a graphic double-form of 
l CC' (see previous note) is for him nothing special. 

0 W. Mayer, "Buchstaben-Verbindungen”, pp. 36-38. See also article “Paleography” in 
DMA , especially IX, p« 346a. 

1 See Maier, “Astrolab aus Cordoba”, pp 121 and 127. Here the ligature is used in star- 
names beginning with the Arabic article al- y and this feature is all the more remarkable 
because the star-names are punched. 

" See Mundo, “Analyse paleographiquc de F astrolabe 1 carol ingien’”. The basic docu¬ 
mentation of letter-forms on medieval instruments is also important: see Glasemann, 
“Zwei mittelalteriiche franzosiche Astrolabien”, p, 226, The engraving on Renaissance 
instruments is under better control, thanks mainly to the labours of Koenraad van 
Clcempoel and Gerard L’E. Turner. 
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c) Traces of vernacular influence in the Latin inscriptions 

Traces of vernacular influence on medieval Latin, let alone vernacular 
Romance dialectal forms, can be extremely useful indicators of the 
provenance of instruments. Recently, such evidence has been exploited 
for the first time. 1 

The form ACUARI for AQUARJ(US) may be nothing other than an 
orthographical variant (C for Q) rather than a dialectal one. In the 
erroneous star-name CAUD:COARl (no. 18 in the star-list) it seems that 
we are dealing with a more developed vernacular form (A)COARI. An 
early-13th-century AndalusT astrolabe from Seville with later Northern 
Spanish inscriptions (#1148) has AQARI, which our engraver would 
probably have rendered as A9ARL Both the astrolabe of Petrus 
Raimundus of Aragon (#3053), made in Barcelona in 1375, and the 
medieval Catalan additions to an 1 Ith-century astrolabe from Cordova 
(#3622) have ACAR1. The switch qu -> c in Spanish Latin is attested. 74 
On the 14th-century Picard astrolabe (#202) we find ACARJUS. 75 
SAGITTARIUS was spelled with one 4 T' as often in the Middle Ages as 
it is today. 76 

The form OMBRA for Latin UMBRA reveals Spanish or French 
vernacular influence. It should be borne in mind that OMBRA is still 
Latin, albeit with vernacular influence, rather than a true Romance form 
(such as sombra or ombre). 7 ’ The same phenomenon of short u —> o is 


See Maier, "Romanische Monatsnamen”, A-B. In King & Maier, "Catalan Astrolabe”, 
pp. 686-690, it was the Catalan forms of star-names and month-names that were used to 
establish the provenance. 

74 Castro, Gtosarios latino-espaholes, p. xliv. 

75 These variants are listed in King, Ciphers of the Monks, p, 411, ft. 12. See also Maier, 
"Astrolab aus Cordoba”, p. 126. 

76 See King, Ciphers of the Monks, pp, 410-41! 

77 On the switch u -> o see Castro, Gbsarios latino-espafioles , p. xxxiv. On the fate of 
UMBRA in Spanish see Corominas, Diccionario, V, pp. 298-300, especially p, 298b. 
See also the Renaissance Italian astrolabe with OMBRA in Gunther, Astrolabes ; II, p. 
331. 
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attested in the star-names ON9E (no. 13), OMER91 (no. 20) and 
(RIG)ORCA (no. 8 - see below). 

Also in the star-name RIGORCA (no. 8) it seems likely that the 
ORCA, pronounced ORSA, is from Latin URSA(E), No other explanation 
comes to mind. Here again the change could be taken to display Spanish 
or French influence, or even Italian: compare Spanish osa, French ourse, 
and Italian orsa. In the case of RADF (no. 16) instead of RIDF or REDF it 
may be that we are witness to a change i —» a that is also attested in 
medieval Spanish Latin. ,s 

d) Numerical considerations 

The numeral forms on the scales of the mater and back, as well as the 
latitudes on the three original plates, are, with one exception, the standard 
medieval forms of the Hindu-Arabic numerals. 79 They are shown in Fig. 9. 

The ‘2’ is always written - as we would say - upside-down. This form 
of the ‘2’, although not attested on any known astronomical instrument, is 
found throughout the Middle Ages and as late as the 16th century, 
although it was generally replaced by the more common upright form, 
which we use today. 80 One theory proposed to explain why some of these 
numerals have a different aspect from the Hindu-Arabic numerals that 
were introduced in Spain is that the numbers on the abacus stones were 
seen in different aspects depending on where one stood in relation to the 
device. 81 On the other hand, the inverted form of the ‘2’ is standard in the 

! See Castro, GI osar i os latin o-espaholes, p, xxxvi, especially the form aladada via 
perhaps alhidada or alidada from Arabic al-'idada, meaning “alidade” This form is not 
listed in Kunitzsch, “Fachausdriicke”, pp- 527-528 (pp. 73-74 of the separatum). 

™ The most useful single source is Hill, Arabic Numerals, based mainly on manuscripts in 
the British Library. See also Ifrah, Histoire des chiffres, II, pp. 341-373, and King, 
Ciphers of the Monks, pp. 309-317. 

80 Hill, Arabic Numerals, pp. 28 and 44. See also .luschkewitsch, Mathematik im Mittel- 
alter , p. 355, fig. 98, for some 19 different forms of the ‘2’ from medieval manuscripts 
(other forms could be added), and Ifrah, Histoire des chiffres, I, p. 880 on the develop¬ 
ment of‘2’. 

81 Bcaujouan, “Rotation des chiffres”. 
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earliest European forms of the Hindu-Arabic numerals, used from the 9th 
century to the early 13th, but the forms of the other numerals on this 
astrolabe are not found in European sources in Spain before the 12th 
century.' 3 Furthermore, no other medieval source, object or manuscript, 
having this combination of the “old-fashioned” "2" and the “new” 
“Gothic” forms of the other numerals comes to mind.* 3 In the light of our 
engraver’s use of the Tironian abbreviation k 9' as a letter of the alphabet 
(see §3b), we should at least mention that in 13th-century Toledo the 
Tironian abbreviation for Latin et also looked like an inverted E 2\ S4 Could 
this perhaps be the reason why our engraver preferred this inverted form? 

The history of the Hindu-Arabic numerals in Europe has yet to be 
written: 85 suffice it to say that first, there existed various forms of the nine 
symbols and zero-symbol in use in each of the Islamic and Byzantine 
worlds, as well as in each of Spain and Italy, and second, the upside down 
variety of the ‘2’ was already old-fashioned by the 14th century. It should 
be borne in mind that the numerals were engraved on this instrument less 
than two centuries after they had been introduced in Spain, and that in the 
vast majority of Spanish manuscripts (not necessarily scientific ones) 


* 2 The two tables of forms in Ifrah, Histoire des duff res, II, pp. 348 and 362, display 
respectively 23 examples of inverted ‘2’s from between 976 and the beginning of the 
13th century, and 22 examples of upright 'Ts from the period between the 12th century 
and the early 16th. See, most recently, Burnett, “Abacus at Echtemach”, pp. 94-95, 102- 
103 and 106-107, on this inverted '2’ in Echternach (Luxembourg) ca. 1000. 

In a little-known article Piccard, “Les chiffres chez les anciens et les modemes”, pub¬ 
lished in Lausanne in 1860, in the table after p. 194, we do Find two sets of digits 1-9 
with standard medieval forms of all numerals including ‘5* and 1 1\ but with in¬ 
verted L 2\ of which Piccard claims that these are from Sacrobosco and Roger Bacon. 
Alas he gives no further information on the sources. 

M See Thomson, Latin fiookhands, ad no. 117, a manuscript copied in Toledo in 1253/54, 
featuring this abbreviation with a long horizontal stroke. 

85 Studies such as Lemay, "Arabic Numerals’", and Beaujouan, "Rotation des chiffres", like 
all other modem studies, suffer from the fact that the authors are familiar only with the 
Latin tradition. Before looking at the forms attested in early medieval Europe it is 
instructive to note the divergent forms existing in the Islamic world before some of them 
were transmitted to Europe. For new light on this topic see Kunitzsch, “Hindu-Arabic 
Numerals”; and King, Ciphers of the Monks , pp. 309-317. 
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from the 13th to 15th century Roman numerals rather that Hindu-Arabic 
numerals are used for dating* 

The numeral forms on the outer rim of the mater are shown in Fig. 9, 
These are distinctly 16th-century Northern French or German in form, 
notably the ‘Z’-shaped ‘2\ 86 This form of the 6 2* could be Spanish, and is 
attested there already in the 14th century,* 7 but it is the whole set which 
suggests a later and also a more northerly provenance* 88 Actually, it is the 
forms of the L 4\ "5 5 , and "8 5 that necessitate this late a dating. In fact, 
the ensemble resembles the forms used in the illustrations of the rete and 
back of an astrolabe (#203) in the treatise L'maige de l 1 astrolabe by 
Dominique Jacquinot, printed in Paris in 1545. 89 One may wonder 
whether these numerals were added in Lorraine, where the astrolabe was 
to be found, since when we do not know, and until 1998. 

e) The bar fractions 

The two bar fractions on the plates for latitudes 32V 2 0 and 49'A 0 are the 
earliest original attestations of bar fractions in Europe on an astronomical 
instrument. 90 In fact they are the only undisputed occurences on an 


u This form of the "2' is found already in 12th-century French manuscripts (see. I frail, 
Histoire des chiffres, II, p. 362), on the French astrolabe #428 from ca. 1300, and on the 
astrolabes of the workshop of Jean Fusoris of Paris ca , 1400 (see the article in DSB and 
the illustration of #192 in Gunther and in Poulle, Instruments du Moyen Age , pp. 20 and 
22 ). 

s ' The 4 Z f form for *2 T is found alongside a rounded l 2' on #3053, the astrolabe made in 
Barcelona in 1375 by an Aragonese: here, however, the is, as often as not, written 
backwards! 

ss It is, of course, possible that these numbers were added in Spain in the 16th century. 
Thus, for example, the numerals engraved on #165, an astrolabe made in Saragossa in 
1558, have a rounded form of the '2* and other standard Renaissance forms. Also the 
forms of 18 sets of Hindu-Arabic numerals from between the late 15th and the 16th 
century from Spanish documents presented in Labarta & Barcelo, Numeros y cifras , pp. 
37 and 45, do not correspond to the numerals added to our astrolabe. 

S9 Illustrated in Gunther, Astrolabes^ II, pp. 350-352 (no, 203). 

90 On the plates of #621, a composite 14th-century Italian (?) astrolabe, one of the lati¬ 
tudes, presumably that corresponding to the location of the maker, is engraved as 43 
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instrument before the late 16th century, 9 ’ when we Find V* appearing at 
the end of December (as 31’/ 4 ) on calendar-scales of astrolabes from 
Louvain (workshop of the Arsenius brothers, etc.). 92 In some 16th-century 
additions to an 1 lth-century AndalusT astrolabe #117, additions doubtless 
made in Spain, the fraction in the latitude 41 on one of the plates is 

written without the bar altogether. 93 Now on the astrolabe under 
discussion, the fractions are written - as we would say - upside down, 
thus: - - see Fig. 8d. 

The first attestation of bar fractions more or less in the form we know 
them today 94 is in a treatise on arithmetic by Abu Zakariya’ al-IJa^ar, a 
I2th“ or 13th-century scholar from the Muslim West. Little is known 
about the life of aLHassar. 95 (Of course, other forms for fractions were 
used in earlier Islamic writings on arithmetic; indeed, “our” forms without 

that is 43 - see Munich Astrolabe Catalogue , no. 2, with illustration. On this form 

see also Cajon, History of Mathematical Notations, I, p. 311, alter Cappelli, Lexicon 
abbreviaturarum, pp, LV and 408, mentioning the 13lh century. 

91 On the back of #101, an astrolabe made in Iraq in the 10th century, the markings are all 
by a European. The solar and calendar scales are improperly constructed, and the very 
medieval-looking letters of the alphabet are mixed with 16th-century numeral forms on 
the scales. At the end of February we find 28 '/ 4 - Ah of this engraving seems to be by a 
19th~eentury faker. See further King, “Medieval Italian Non-Standard Astrolabe 11 , §B7, 

92 No backs of standard Arsen ius-type astrolabes are illustrated in Gunther, Astrolabes, and 
no fractions appear on those few shown in Madrid 1997 Exhibition Catalogue. Four 
such astrolabes with V 4 written “properly” are: #411, #439, #486 and #3016 
(information kindly provided by Koenraad van Clempoel; these instruments arc not 
listed in Appendix A). 

93 See the detailed description in Garcia Franco, Astrolabios en Espaha, pp. 229-235 (no. 
12), especially p. 233. The same feature occurs on a newly-rediscovered 16th-century 
Spanish universal astrolabe #4561 - see Moreno et al., “Spanish Astrolabe”. Indeed, the 
markings on these two astrolabes may be by the same individual. 

94 On fractions in earlier numerical traditions see the various useful chapters in Benoit et 
al. k eds., Histoire des fractions. On the “discovery” of decimal fractions by al-UqlTdisi in 
10th-century Damascus see Berggren, Episodes, pp, 36-39, and Djebbar, “Fractions au 
Maghreb”, pp. 225-230. See also Cajon, Mathematical Notations, 1, pp. 309-314 
(overview). 

95 Aballagh & Djebbar, “Decouverre”, especially pp. 149-150. 
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the bar may have appeared in India at the same time as the Indian 
numerals. 96 ) al-Ha$sar’s treatise was translated into Hebrew by Moshe 
ben Tibbon (1240-1275) in Montpellier in the year 1271. 97 This was one 
way in which fractions were introduced in Europe, but it was not the only 
way. For they appear already in the Liber abbaci (1228) on computation 
by Leonard of Pisa known as Fibonacci (b. ca. 1170, d. after 1240), who 
was well acquainted with Muslim sources, having worked in Bougie, now 
in Algeria, then a Pisan trading colony, and having studied there with 
Muslim scholars. 98 Several later Muslim writers use bar fractions." Later 
European scholars using bar fractions are Jean de Linieres (d. ca. 1350), 
Jean de Murs (14th century) and Nicole Oresme (1320-1382). 100 

We can be certain that the engraver was working in a milieu, probably 
very restricted geographically and temporally, where everyone wrote them 
with the denominator on the top and the numerator on the bottom.' 01 No 
other attestations of fractions of this kind are known either from medieval 
Islamic or European sources. u> ~ Neither does there appear to be any 
Jewish/Hebrew influence in the form y. 1 ^ We do find such fractions in 

China in the 17th century, prompted, however, by linguistic consid- 
% Benoit et al, eds. T Hmoire des fractions t p 214 

97 His treatise is translated in Suter, “Rechenbuch von al-Ha$$ar’\ On the author see also 
Sarton, IHS, 11:1, p. 400, and on his translator ibid*, 11:2, p. 847-850. 

58 Article “Fibonacci” in DSB, especially pp. 604-606, The new English translation in 
Sigler, Fibonacci's Liber Abaci, is based on the 1857-62 edition of Boncompagni rather 
than on any of the numerous manuscripts. 

99 See Djebbar, “Fractions au Maghreb”, and Aballagh, “Fractions chez Ibn at-Sanna“\ 

100 Cajon, Mathematical Notations, i, pp, 91-93 (Oresme); and Tropfke. Geschickte der 
Elementarma the matik, pp. 108-114 (general). 

101 Compare the use of monastic numeral ciphers on the 14th-century Picard astrolabe 
#202 (see n. 41). The reason they were used for all numbers on the astrolabe was 
because the people for whom the astrolabe was intended, used or at least understood 
these ciphers. See King, Ciphers of the Monks, p. 141. 

102 See Allard, “Fractions dans les premieres arithmetic]ues latines”, and Benoit, 
“Arithmetiques commerciales franpaises”. 

103 See Levy, “Fractions en hebreu”. 
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erations: y fen zhi x, “x of y parts”, for - ,' <M Such considerations may be 

at work in the form - on the astrolabe: the equivalent in English would be 

“(of) two parts one”. Linguistic considerations apart, the notation is 
arbitrary: we write | because we say “three fifths”; in a language in 

which people might say the equivalent of “fifths three”, they might prefer 
to write j. Bar fractions caused some difficulty to the earliest printers in 

Europe, as we can see from the geographical tables in the Ulm, 1462 
edition of Ptolemy’s Geography, where the denominator of unit fractions 
is printed in the same font as the other numbers and a minuscule - printed 

above with vaiying amounts of success. 103 And on one of the 16th-century 
Louvain instruments mentioned above, namely #555 (unsigned and 
undated), the - is actually engraved as ‘ - ’ - see Fig. 11. 106 The use of an 

inverted fraction in the 16th century defies explanation! 107 We also note 
that regular bar fractions in which the numerator is greater than the 


lu4 K. Chemla and C, Jami have drawn attention to a “similar” phenomenon in nth-cen¬ 
tury China: see Chemla, “Fractions en Chine”, especially pp, 190-191, and Jami, 
“Chinese and Western Arithmetics in the 17th Century”, pp, 360-361. 

105 Illustrated in Peignot & Adam off, Chiffres , p. 67, Even here a medieval form of the ‘5* 
is used. On the problems of printing fractions of the form ^ and the predilection of 

printers for fractions in the form m / n (using the "solidus” t that is 7 T ) see Cajori, Mathe¬ 
matical Notations, I, pp, 312-314. 

I(>6 See Nuremberg GNM J992-93 Exhibition Catalogue, p, 599 and fig. 1.82*7, with the 
remark “gerade solche Details konnten bei dcr Analyse andcrer Arsenins-Astrolabien 
oder verwandter Instrumente weiterhelfen”, that is, “precisely such details (as this in¬ 
verted fraction) could be useful for further analysis of Arsenius astrolabes and related 
instruments”! 

107 There is no trace of this phenomenon in the extracts from early printed works on arith¬ 
metic surveyed in Smith, Kara arithmetics For bar fractions using Roman numerals in 
an early- 16th-century German arithmetic see ibid., pp 105 and 106. 
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Fig. 11 The fraction engraved as 

4 

on the calendar scale of an 

l 

unsigned astrolabe from 16th- 
century Louvain (#555). [Photo by 
the author, courtesy of the 
Germanisches Nationalmuseum, 
Nuremberg.] 


denominator were known in the 
Middle Ages and are still in very 
occasional use today. 108 
In the future it may be possible to 
locate other relevant historical sources 
in which fractions are inverted. In 
Spain even in the 15th century entries 
in some astronomical tables were 
written sexagesimal^ in Roman 
numerals, 109 although the Alfonsine 
Tables corpus used Hindu-Arabic 
numerals. 110 Arithmetic there in the 
late Middle Ages seems to have been 
dominated by the Latin tradition of al- 
KhwarizmT, 111 in which the Hindu- 
Arabic forms are introduced but 
Roman numerals are used throughout 
the text. We shall thus have to look 
elsewhere for such attestations: 


108 Note the forms (n+p)/n or (2n+p)/n relating to music theory in a Mozarab manuscript of 
the Arithmetic of Boethius (d. ca. 525 - see DSB\ datable to the l Oth or early 11th cen¬ 
tury - see Mi lias Vallicrosa, Assaig, pp, 91-92, also cited in Vera, A 4ME, p. 80. 

In passing we note the following remark in Singmaster, "Mathematical Gazetteer of 
Britain 5 ', p. 16: 

"Near Harrowgate station is a hairdresser’s named Twenty Two over Seven’. The 
owner is a Polish refugee with a tong name like Pychovski which was simplified to Pye 
(?). As a result he tried to name his business TI\ but the local council, telephone 
company, etc., couldn't deal with a name using a Greek letter. He then tried to name it 
'22/7’ but had the same problem, so he had to spell out Lhe numbers. His shop window 
has Tf\ '22/7' and 'twenty two over seven' all painted on it.” 

m See Cbabas & Roca, Lunari de Bernat de GranoHacks, and Catedra Samso, 
Astrologia de Enrique de VElena. 

110 Illustrated in Cadiz-Algeciras 1995 Exhibition Catalogue, p. 266. 

1,1 Sec, most recently, Folkerts & Kunitzsch, "al-Khwarizm?’, 
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financial accounts, 1 ' 2 weights and measures, 133 tide-tables, IM and the like. 
Preliminary investigations in these areas have borne no fruit. But it is 
clear that we are dealing here with a development independent of the 
Khwarizmi - t^assar / Ben Tibboo — Fibonacci traditions, 11 ' There were 
other short-lived independent traditions: one 14th-century manuscript of 
unidentified provenance uses a convention in which three-fifths is written 
3 5, etc. 116 To put it another way, there is no reason why a European in 
Central or Northern Spain in the 14th century should have written the lati¬ 
tude of Jerusalem as 32^ rather than 32~ . Fibonacci would have written 

it as ^ 32 anyway. 117 


112 An equivalent lo Benoit, “Arithmetiques commerciales Iran Raises”, for the Hindu-Ara- 
bic numerals in Spain would be useful But see n. 115 below. 

11} See, for example, Kisch, Scales and Weights, a useful work but deficient on Spanish 
materials. I have not yet consulted MaLeu y Llopis, Ponderates moneiarios. 

114 See Howse, “Early Tidal Diagrams”, where unusual numeral forms do occur 

115 Other independent, mainly regional, developments in medieval Spain are noted in 
Labarta & Barcelo, Numeros y cifras , where there is, alas, no mention of inverted frac¬ 
tions, 

316 Enestrom, “Bezeiehnung von Brlichen”, citing MS Vatican Oltob. 399 of a medieval 
Latin treatise, undated but from before 1350. Enestrom concludes his note with the 
remark: 

“Vielleicht gab es im christlichen Mittelalter noch andere Weisen, die gewohnlichen 
Briiche zu bezeichnen, und fur die Geschiehte der mathematischen Sprachc ware 
jcdenfalls eine nahcrc Untersuchung der Frage von Interesse.” 

This unusual variety of fraction is also mentioned in Cajori, Mathematical Notations, I, 
p.311. 

11 Ibid. : “Leonardo read from right to left* as did the Arabs ... . In the case of a mixed 
number, like 3 l f$> Leonardo and the Arabs placed the integer to the right of the frac¬ 
tion.” 
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f) The Arabic engraving 

All of the principal Arabic inscriptions are in naskhi script, 1 ,s which at 
first might be taken as clear evidence that their engraver was neither an 
AndalusT nor a Maghrib!. Rather, they are what one would expect of a 
Syrian or Egyptian engraver. The use of regular naskhi script in the 
engraving of early Islamic astrolabes is rare; usually Kufie script or 
ornamental naskhi script was preferred. But already in the 13th century, at 
least in Egypt, we find regular naskhi script used on an astronomical 
instrument — see #107, an astrolabic plate made by fiasan ibn 'All in 
Cairo in 681 H [= 1282/83]." 19 

Yet naskhi script was used in some AndalusT inscriptions in the 13th- 
i 5th centuries, in particular in a series of 14th-century poetic inscriptions 
in the Alhambra in Granada. 12 ' 1 Likewise naskhi script is used on an ivory 
box from 14th-century Spain, which was previously thought to have been 
Egyptian. 121 Nevertheless, no other astronomical instruments engraved in 
naskhi script are known from al-Andalus. 

The Arabic on the boss of the shackle, the rete and the back are all by 
the same person. One may note the distinctive form of the solitary { i.e. 
initial or final unconnected) d (= dal), with a curved inward hook at the 
lower extremity. 173 This form is found, for example, on the boss, in the 

118 On Arabic scripts see the article “Kha{{” [= script] in Ef, and Schimmel, Islamic 
Calligraphy. 

119 ]t has been suggested that the maker was the Cairo astronomer of Maghrib! origin, Abu 
"AIT al-Hasan ibn "AIT al-Marrakush! - see the article “al-MarrakushT" in EI 2 - 

120 On the emergence of naskhi in AndalusT inscriptions in the 14th century see Fernandez* 
Puertas, “Calligraphy in Al-Andalus”, pp. 663*665, and also pf III.9, as well as the title- 
page of Gabrieli, ed., L ‘Islam en Europe , for one of the inscriptions in the Alhambra, 
amply provided with sukun s and vowels. See also Welch, Muslim Calligraphy , p, 72, 
no. 17, for a 14th* or 15th-century terracotta font from Muslim Spain, also with 
decorative naskhi script in oblong cartouches, 

12t Featured in Venice 1993-94 Exhibition Catalogue , pp. 115-116 (no. 32). The inscrip¬ 
tion exhibits some curious orthographical features and is decorated with what look like 
sukuns all over the place. 

122 Arabic letters can have up to four different forms, depending on whether they stand 
alone or at the beginning, middle or end of a word. 


Suhayl 3 (2002-03) 


58 


David A. King 


name Mas 4 ud\ on the rete, in the star-name dab(a)ran\ and on the back, in 
the name dvjvnbvr for December (where v is any vowel). It is a classical 
calligraphic form, 123 and is also found on the Alhambra inscriptions and 
the ivory box mentioned above. Also a small number of the letters in the 
Arabic inscriptions are repeated in miniature above the actual letter, like 
the d in the name al-asad on the ecliptic scale on the back and the k (= 
kdf) in al-malik on the boss of the shackle* This practice is unusual but it 
is not “wrong”. 124 The criss-cross decoration so prominent in the 
inscriptions on the back is also found in the inscription on the boss of the 
shackle, under the letters ms- in the name Mas'Od. 

The forms of the month-names are entirely within the Western Islamic 
tradition. There is only one error, which is probably not significant: one 
dot has been omitted on the y(=yd*) in the word fabrdyir, making it read 
fabrdbir. 

The secondary Arabic inscriptions, the star-names scratched on the 
rete, are in a distinctive hand, quite different from that of Mas 4 ud. In 
particular we note the downward stroke for the final d (= dal) on asad (for 
Leo), rather like a final n (= min) in written cursive Hebrew, and the 
forward (towards the right) sloping vertical stroke of / (= td J ). This is a 
typical AndalusT or Maghrib! phenomenon. 

An only partly successful attempt has been made to scrape off the 
Latin name of the star 90R S90RPI on the upper right of the 
circumferential frame of the rete* Presumably the person who added the 
second layer of Arabic star-names did this and then gave up trying to 
remove the remaining inscriptions. On various early Islamic astrolabes we 
can see similar attempts by Europeans to remove the Arabic inscriptions 


123 Schimmef Islamic Calligraphy , p. 18. 

m Sec Lings, Quranic Calligraphy ami Illumination, pi. 28, on a Qur an from late 13th- 
century Baghdad in which most of the letters ' ( ‘ ayn) f $ ($ad) and f (fa*) have a minus¬ 
cule letter repeated below and the final k (kaj) above. Other examples are to be found 
ibid pis. 41,51 and 57. The purpose here seems to be to distinguish the letters from the 
three corresponding letters with a dot: gh (ghayn), d (dad) and z (z& T The repetition of 
the k is particularly common in Arabic calligraphy, to distinguish the letter from the 
final / (lam). This phenomenon is not to be confused with the use of small letters above 
words in the Qur 'an as a guide to recitation, marking, for example, pauses. 
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and replace them with Latin ones - for example, #11O 125 and #1077. 126 On 
one medieval European astrolabe (#460), from the Fusoris workshop in 
Paris ca. 1400, some of the inscriptions have been removed and replaced 
by Arabic ones in a Syrian or Egyptian hand, probably as late as the 19th 
century; there are no changes to the calendrical scale on the back which 
could have identified the location of these modifications more closely. 

g) The size of the astrolabe 

The diameter of this astrolabe is 133 mm, which may be characterised as 
average when compared with the diameters of the four medieval 
astrolabes from Catalonia and the one astrolabe with Judaeo-Arabie 
inscriptions: 


#3042, late 10th-century: 

154 mm 

#162, ca. 1300: 

100 

#416, ca. 1300: 

147 

#3053, Barcelona, 1375: 

109 

#3915, Judaeo-Arabie, ca. 1300: 

1 85 


No other early medieval European astrolabes have diameter 133 ± 2 mm, 
except #291, an English piece dated 1326, which has 134 mm. 127 

h) The throne 

The arabesque decoration l2S of the throne is most unusual for Western 
Islamic astrolabes and early European astrolabes. It might be thought that 
this throne shows distinct Syrian influence/ 29 However, an AndalusI 


125 See Gunther, Astrolabes, I, p. 244 (no. 110), and King, “Earliest European Astrolabe' 1 , 
fig- 3. 

126 Maicr, “Romanische MonatsnameiT, B, pp. 261-262. 

327 See Price et at ,, Astrolabe Checklist, pp. 44 and 78. 

128 See the article “Arabesque” in Eh- 

L9 We may compare the thrones on #140, the universal astrolabe of I bn al-Sarraj, made in 
Aleppo in 1328/29, and #106, a universal plate made in Cairo (?, the calendar scale has 
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astrolabe made in 638 H [= 1240/41] (#154) has a throne that is almost 
identical, if less elegantly worked - see Fig. 10.'™ A simpler, but not 
dissimilar design, is also found on #4182, made in Fez in 719 H [= 
1319/20] by a maker whose family, if not he himself, hailed from Cordova 
- see Fig. 12. Thus it is not necessary to suppose any direct Syrian 
influence. The individual elements of the throne are found on other 
AndalusT pierced metalwork, as, for example, a spectacular lamp made in 
the royal workshops of the Nasrid court at Granada for the mosque of the 
Alhambra in 705 H [= 1305/06], now in the Museo Arqueologico 
Nacional in Madrid. 111 

The shackle is more European than Islamic, the closest being that on 
#416, from Catalonia ca. 1300, on which the boss, however, is radially 
ribbed outside the circular central part. 11 " 

i) The basic form of the rete 

The design is mainly, if not fully, Islamic in conception. In other words, 
the quatrefoil decoration within the ecliptic, the form of the star-pointers, 
the small circle at the bottom of the rete, and the counter-changing of the 
horizontal diameter are Islamic, 


the Coptic months) in 1299/1300 by IbrahTm al-Dimashqi. See also n. 212 below. This 
kind of arabesque decoration on thrones is exaggerated on #109, made by the Yemeni 
Sultan al-Ashraf in 1291. 

t3t> As stated in n. 15 above, this piece is misdated to 1747 in Gunther, Astrolabes, I, p. 
300. The Hijra date is written kh-l-i }, that is, 633. 

131 Sec Granada-New York 1992 Exhibition Catalogue, pp 276-277 (no, 57). 

IJ: The shackle on #134, decorated with a lion’s head, is not necessarily original to this 
AndalusT astrolabe datable ca. 1220. Likewise, the shackle on #154, made in al-Andalus 
in 1240/41, on which the throne has the same form as that on the astrolabe under 
discussion, is different in design. On the other hand, the shackle on #162, from Catalo¬ 
nia ca. 1300, is rather similar. 
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Fig 12a The distinctive rete and distinctive 
throne on an astrolabe made in in 
1319/20 by Muhammad ibn Qasim al- 
Qurpibl (#4182). Neither rete nor throne 
bears any relationship to any other Maghribi 
astrolabe. Since the maker or his family 
came from Cordova it seems that we are 
dealing with a piece that reflects Andalusi 
influence. 



Fig. 12b The back of the same 
instrument This is the only known 
Islamic astrolabe with a quatrefoil 
cartouche, again probably indicative of 
Andalusi influence. 


Fign 12c Detail of the barbed quatrefoil 
around the inscription on the back. 
[Present location unknown, photos 
from the archives of the late Alain 
Brieux, courtesy of Dominique Brieux, 
Paris.] 
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The three half-quatrefoils inside the ecliptic ring are not attested 
amongst the numerous varieties of quatrefoil decoration on European 
astrolabes, which might seem to imply some European input here. But the 
quatrefoil was a feature of the design of certain Byzantine and early 
Islamic astrolabe retes, and it is found on some early European retes. 
Certainly no Islamic retes are known with half-quatrefoils. Yet here the 
half-quatrefoil frames perform their original function as supports for star- 
pointers, whereas on later European retes the quatrefoils are more often 
merely decorative. This may be taken as additional evidence that even the 
quatrefoil design used here is entirely Islamic in conception. 133 For 
example, that the “Gothic” quatrefoil design on #162, a Catalan astrolabe 
from ca. 1300, is copied entirely from an Islamic rete, the design being 
partly Eastern Islamic (and therefore Byzantine in origin), namely, the 
quatrefoil, and the rectangular frame which it decorates being Western 
Islamic. 13 ' 1 As confirmation of the latter we may invoke #3915, the 
MaghribT or AndalusI astrolabe from ca, 1300 with inscriptions in Judaeo- 
Arabic: this has a slightly less elegant form of the rectangular frame and a 
degenerate quatrefoil. 133 In other words, the retes on both #162 and #3915 
were copied from a rete on a Western Islamic astrolabe of which no 
examples survive. As proof of how little we know about the design of 
Western Islamic astrolabes between ca. 1100 and ca. 1300 we need only 
cite #154, made somewhere in al-Andalus in 638 H [- 1240/41], having 
two larger decorative quatrefoils on the rete - see Fig. 10. 1 

The half-quatrefoils on the short bars connecting the ecliptic ring to the 
outer frame on the astrolabe under discussion also merit further comment. 
The idea is Islamic, because we find a mihrab-sha,p$d design in the same 
position on the 1 lth-century Toledo astrolabe #117, and a similar “half- 
quatrefoiP-type design, albeit with a not quite rounded middle arc, on 
#4182, an astrolabe made in Fez in 719 H [- 1319/20] by an Arab Muslim 

m On quatrefoil decoration on astrolabes in general see King, Ciphers of the Monks , pp. 
380-390. 

04 King Si Maier, “Catalan Astrolabe”, pp. 679-683; and King, op , ciu , pp. 382 and 387. 

135 King Si Maier, op. cit. y pp. 681; and King, op. cit ,, p, 382. 

136 Ibid,, pp. 382 and 386. 
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whose family origins were in Cordova; this shows not a trace of European 
influence - see Fig. 12. Similar bars are found on #162 from Catalonia ca , 
1300, and a like decoration is found on the supports of the lower 
equatorial ring on #300, possibly of Northern French origin and also 
datable to ca. 1300 — see Fig. 13, 



Fig. 13 The front of an astrolabe (#300) with half-qnatrefoil insets on the frames 
supporting the lower equatorial bar, and with star-pointers that bear some 
resemblance to those on the Spanish astrolabe under discussion (see §3k), 
[Courtesy of the Museum of the History of Science, Oxford.] 
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The counter-changes on I he horizontal bar are shown here in an 
exaggerated schematic form: 



This arrangement is found on seven I lth-century AndalusT astrolabes 
(including #1099), 137 and some later, but still early European instruments 
(#428 from France; #191, a composite piece of uncertain origin(s), but 
with rete possibly reworked from an AndalusT one; and #558 of uncertain 
provenance). 

A small circle similar to the one at the bottom of this rete is found 
already on I lth-century AndalusT astrolabes (such as #116 and #123) and 
on some of the astrolabes of al-Khama’irT of Seville ca. 1220 (such as 
#130, #139 and #153), as well as on #4182, made in Fez ca. 1320. On the 
AndalusT piece #154, dated 638 H [= 1240/41], this circle is replaced by a 
quatrefoil, which may have been the original design. Only on one other 
European astrolabe, #420, a very early piece of uncertain provenance (ca. 
1200, if not earlier), does this small circle reappear. However, it also 
features on the astrolabe illustrated in the 13th-century Libros del saber 
de astronomia of Alfonso X. l3a 

The four “cardinally-aligned” handles in the form of silver knobs are 
situated near the extremities of the horizontal bar (the one on the left is 
missing), at the lop of the rete, and above the small circular frame. The 
same arrangement is found on some 11th-century AndalusT astrolabes 
(such as #116, #123 and #2527) and various astrolabes of al-Khama’irT of 

131 For more details see King, “Earliest European Astrolabe”, pp. 367-369. The two earlier 
AndalusT astrolabes, #110 and #4024, have simpler (single) counter-changes, which is 
already a development beyond the straight bars on the earliest Eastern Islamic astro¬ 
labes. 

138 Reproduced in Santa Cruz 1985 Exhibition Catalogue, p. 25; and Cadiz-Algeciras 1995 
Exhibition Catalogue, p. 171. 
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Seville ca. 1220 (such as #130 and #139). However, it is not found on any 
of the other early European astrolabes, possibly because many of them 
have radial rules attached to the front. 

j) Observations on the quatrefoil 

The quatrefoil, one of the most distinctive motifs of medieval European 
art and decorative architecture, is generally regarded as little more than 
that. It is true that quatrefoils are found, for example, on some early 
Anglo-Saxon artefacts; however, the origin of the quatrefoil as one of the 
principal motifs in late medieval Christian art is to be sought in Byzantine 
art, transmitted from Syria to al-Andalus, It is an important motif of 
AndalusT decorative art, albeit usually not independent of other designs 
(in other words, connected to other designs) and often developed beyond 
the simplest form. 139 A design including rounded quatrefoils, with 
rounded half-quatrefoils forming part of the surrounding frame, is found 
on a sockel of the Peinador Bajo in the Alhambra. 140 This is a rare use of 
half-quatrefoiis, and corresponds precisely to their use on the rete of the 
astrolabe under discussion. 

Now, as already noted, the quatrefoil also featured as a motif on 
Byzantine astrolabes, and this motif was incorporated on some of the 
earliest astrolabes from the Islamic East 141 Somehow the same motif 
came to appear on some of the earliest astrolabes in Islamic Spain. The 
earliest known example is #154 from ca. 1240, with two fully developed 

119 For decorative art in AndalusT architecture the best study is Pavon Maldonado, El arte 
hispanomumhnan. On the quatrefoil and variations thereon see ibid., pp. 69-75, and 
figs. 98, 102, 104 (no. 23), and pis XLIIb and CLX1I (Alcazar, Seville), CLXXIV (Casa 
de Pilatos, Seville), and CLXXXIV (MadTnat al-ZahraT 

m Ibid. y f\g. 98. 

141 See King, ‘"Kuwait Astrolabes", pp. 80 and 82-89, especially p. 85, on the quatrefoil on 
the rete of the magnificent astrolabe of the astronomer-mathematician a 1-Khujand! 
(#111), made in Baghdad in 984/85; idem & Maier, “Catalan Astrolabe", pp. 680-682, 
on the quatrefoil on the Catalan piece #162; and idem, “Astronomical Instruments be¬ 
tween East and West", pp. 154 and 169, on some other examples. These instruments are 
also illustrated in King, Ciphers of the Monks. pp. 384-390. The four papers listed as 
Tomba, “Astrolabi", A-D, deal with various Italian astrolabes with quatrefoil decoration. 
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quatrefoils, but this is alas the only example! It simply shows how little 
we know about this development. We have already noted the half- 
quatrefoils on the bars between the ecliptic and circumferential frame on 
#4182, made in Fez ca. 1320; a barbed quatrefoi! is used to frame the 
inscription on the back of this piece: see Figs. 12 b-c. The quatrefoil motif 
was copied on a subgroup of early European astrolabes, notably #162 and 
the astrolabe under discussion. The Europeans developed the quatrefoil as 
a decorative feature on astrolabe retes far more than the Muslims had 
done - see, for a spectacular example, #290, made in England ca. 1300, 
Also Jewish craftsmen used the quatrefoil, even cruciform quatrefoils, as 
decoration on astrolabes, 142 Even the pre-expulsion seals of the Jews in 
Christian Spain were often in the form of, or had decoration in the form 
of, quatrefoils. 543 We shall return in §3z to the quatrefoil decoration of the 
cartouches on the back of the astrolabe under discussion, 

k) The form of the star-pointers 

identical star-pointers are not found on any known astrolabe, AndalusT or 
medieval European. Those that come closest are found on the Northern 
French (?) astrolabe #300 from ca , 1300 (see Fig. 13), but they have larger 
holes, either single, double or triple, depending on the size of the 

- / 144 

pointer. 

l) The positions of the star-pointers 

The position of Regulus, which being on the ecliptic serves as an indicator 
of precession and hence the date, is at Leo 22°, corresponding to ca. 1425. 


142 King, ‘'Astronomical Instruments between East and West”, pi. Via on p. 154, 

143 See Friedenberg, ‘'Spanish Jewish Seals 1 *, and the earlier publication by the same 
author, for various examples. Another is shown in New York JM J992 Exhibition 
Catalogue t pp. 240-241 (no. 98), 

144 See Gunther, Astrolabes , II, pp. 477-478 (no. 300), and also G. Turner, “Carolingian 
Astrolabe”, fig. 5 before p. 43 L 
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But this is insufficient to date the piece. The remaining star-positions 
point to a date in the range 1300-13 5Q. 145 

m) The selection of stars 

There are some 21 star-pointers. Western Islamic astrolabes tend to have 
some 27, following a clearly-defined tradition associated with the 
astronomer Maslama al-Majrltl (Madrid, ca. 1000). 146 The earliest known 
European astrolabe, #3042 from 10th-century Catalonia, has 20 unlabelled 
pointers, 14 and the astrolabe under discussion has 19 of these but is 
missing a Ophiuchi (often named alhawi on medieval European 
astrolabes) and has in addition RIGQRCA and ON9E. The Catalan 
astrolabe #162 from ca. 1300 has 20 stars, of which three are not found on 
this astrolabe. i4!i A second star-table of al-Majrltl contains precisely 21 
stars but only 13 of these are found on this piece, 149 

It is not unusual that the selection of stars represented on medieval 
astrolabes does not correspond to the various textual traditions that have 
been discussed by Paul Kunitzsch, and there is a lot more research 
remaining to be done on the data from instruments. 150 

n) The Latin names of the stars 

The names of the stars on the rete are mainly Europeanised versions of the 
Arabic names, as was standard in the Middle Ages. 151 There are also 

145 Information kindly provided by Burk hard Stautz. 

146 Kunitzsch, Typen von Sternverzeichnissen , pp, 17-18 (Typ III); and idem & Dekker, 
"Stars on the Carol ingian Astrolabe", pp. 656-658. On Maslama see the article “al- 
MadjrTtT in Eh. 

4 Kunitzsch 8i Dekker, “Stars on Carol ingian Astrolabe", passim, 
l4S King & Maier, "Catalan Astrolabe", pp. 676-677 and 684-685. 

149 Kunitzsch, Typen von Sternverzeichnissen , pp. 15-18, 

150 See the problems discussed already in King & Maier, "Catalan Astrolabe”, pp, 684-685. 

151 On these sec the numerous publications of Paul Kunitzsch. The forms found on astro¬ 
labes have not yet been subjected to serious study, but at least are documented in the 
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several examples of Latin names, which we can associate with the 
introduction of the Latin translation of the Almagest of Ptolemy in al- 
Andalus in the 12th century. 152 But there are also four examples of 
bastardised Latin names, as if dictated by someone who could not read 
them properly; this is most unusual, but not entirely without precedent. It 
is certainly not unusual that the names actually used on astrolabe retes do 
not correspond to the names known from textual sources. 153 

There are some 21 star-pointers, and the stars seem to have been taken 
- appropriately enough - from the catalogue associated with the 
celebrated translator Johannes Htspalensis (Toledo, mid 12th century), 154 
that is, Paul Kunitzsch’s “Typ IV”. 155 At least, all of the stars but one in 
Pegasus are found in his catalogue. 156 In this the Latin names of 29 stars 
are presented, and Kunitzsch has suggested that the star-names may have 
been translated from those on an AndalusT astrolabe. 157 

The following table presents the original “Latin” names of the stars, 
with their numbers in Paul Kunitzsch’s lists of astrolabe-stars, 158 the 


forthcoming Frankfurt catalogue (n. 13 above). On Lhe star-names on this piece see 
already King, “Star-Names on Three European Astrolabes”, pp. 308-316, 

m On Ptolemy see the article in DSB For editions of the Arabic and Latin versions of his 
star catalogue sec Kunitzsch, Siernkatalog des Almagest. Sec also Kunitzsch, Typen von 
Sternverzeichnissen t pp. 16-17, fora 12th-century list in which selected stars are already 
labelled in Latin. 

t5? One needs only to compare the names found on any medieval astrolabe with those pre¬ 
sented in the index to Kunitzsch, Typen von Sternverzeichnhsen . 

154 SeeSarton, IMS , ILL pp. 169-172. 

155 Kunitzsch, Typen von Sternverzeichnissen, pp, 31-33, 

156 [ refer to e Pegasi, and there is also seems to be a problem with a and p Pegasi. 

157 [hid., p. 31. On the 27 astrolabe stars in the tradition associated with Maslama al-MajritT 
(Madrid, ea. 1000) see n. 146 above. The star-tables associated with I bn al-Zarqalluh 
see Kunitzsch, 'Two Star Tables from Muslim Spain” do not have the enigmatic star 
kit Yj al-faras in Pegasus. 

15S The first number relates to the list in Kunitzsch, “Astrolabe Stars”, pp. 158-161* 
representing the main Islamic tradition associated with the 10th-century Shiraz 
astronomer al-$ufi (on whom see the article in DSB), and the second to the list in idem. 
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Arabic additions (in two layers), the Arabic or Latin forms from which 
these are derived, the number in Kunitzsch’s “Typ IV”, as well as the 
identification of the star and its modern designation. 159 1 do not give the 
Latin names in the single 13th-century Vienna manuscript used by 
Kunitzsch in his edition of the table of “Typ IV”. There is a 14th-century 
copy in Oxford in which the Arabic equivalents are given alongside the 
Latin names, 160 but none of these lists casts any light on the problems 
associated with the names on our rete, which do not correspond to those in 
Kunitzsch’s “Typ IV” anyway. 


Arabische Stemnamen in Europa, pp. 59-96, where their subsequent fate in the Latin 
European textual tradition is documented. 

159 For an overview of the origins of modem star-names see Kunitzsch & Smart, Star- - 
Names, 

160 A photo is to be found in Gunther, Early Science in Oxford , II* p. 205. 
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Some comments on the more unusual names are in order, (See already 
the remarks in §3c on vernacular influences,) Firstly, some forms derived 
from the Arabic: 

PANTA (no. I) from batn , “belly (of the whale)”. This form is 
found already in a 1 Oth/1 Ith-century Latin source, as well as in a 
13th-century copy of the astrolabe treatise of Pseudo-Messahalla, 
parts of which are translated from a treatise by the AndafusT 
astronomer Maslama al-MajrlfT. 161 

D(E)N(E)P / D(A)N(A)P (no. 21) from dhcmab, “tail (of the 
whale)”. The more usual form is DENEB. 102 

90MIZA (no. 6) from (al-)ghitmaysa\ which means something 
like “the one with eyes impaired by weeping” (compared with 
Sirius). This form is not attested in the manuscript tradition, 
which tends to prefer (AL)GOMEIA / Z/SA. 16 ' 1 #162 has 
ALGOMIC. 

ON9E (no. 13), a very vernacular derivation from 'unq or 'unuq 
(al-fiayya), “neck (of the serpent)”, is not known to be attested 
elsewhere. The early modern (17th-century) forms are UNUK or 
UNK, usually followed by ALILAY or variants thereof, which are 
closer to the Arabic. 164 The .final E of ON9E is probably a 
remnant of the Arabic article al~. 

UEGA (no. 15) from (al-)waqi\ “falling (eagle)”. This 
corresponds to WEGA in some textual sources. 161 

RADF (no. 16) from (al-)ridf, “the person riding on a horse be¬ 
hind the main rider”, is not known either from the textual tradition 
or from any known medieval astrolabe. The more common names 


161 See Kumtzsch, Arabische Sternnamen, p. 67, no. 8. 

162 ibid., p, 66, no. 4. 

163 Ibid., pp. 73-74, no. 25. 

164 Ibid., p. 217, no. 196. For some reason this star is not listed by Kunitzsch as an astro- 
labc-star. 

165 Ibid. ,p. 81, no. 53. 
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are RIDF and REDF, corresponding more closely to the Arabic, 166 
and #162 has ALREDAF. 

9ABI (no. 19), pronounced KAB1, appears to be derived from 
the Arabic ka'b al-faras, “the ankle of the horse (Pegasus)”, k 
P egasi. This star is not otherwise known from European 
astrolabes or star-lists. Indeed it is not a standard astrolabe-star, 
although it does appear on some of the astrolabes of the prolific 
Muhammad ibn Fattuh al-Khama’in of Seville ca. 1225. 167 

Then some forms based on Latin: 

9AUD: 90ARI (no. 18) is an error for CAUD(A) CAPRI- 
(CORNI), with COARI apparently from ACOARI (from 
Aquarii), 168 rather than from CAPRI. The colon is used as a 
separator (also at the end of no. 21); it was not uncommon for 
abbreviations such as HU: EQUI (for HUMERUS EQUI - see 
below) to be used for star-names engraved in restricted space on 
astrolabe retes. 

OMER9I (no. 20), pronounced OMERQ(U)J / OMERKI, seems 
to derive from OMER (E)QUI, a vernacular form of the Latin 
humerus equi, “the shoulder of the horse”, a Pegasi. 

Finally, one very remarkable name that seems to be based on a mixture of 

Arabic and Latin: 

RIGORCA (no. 8), pronounced R1GORSA or RIGOR^A, may 
be from RIG(EL) ORSA(E), a combination of Arabic and ver¬ 
nacular Latin (“correctly”, rijl ursae), ju. Ursae maioris. 169 The 
proper Arabic form would be rijl al-dubb , “the (back) leg of the 

166 Ibid., p. 82, no. 56. 

I6 ’ For example, on #130 - see Gunther, Astrolabes, I, pp. 276-277 (no. 130), and 
Kunitzsch, Typen vow Sternverzeichnissen, p. 31, n. 2. On al-Khama T iri see Mayer, 
Islamic Astrolabists , pp, 64-66. 

Aquarius does not, of course, have a tail {cauda), though see Burnett, Studies, XVII, p. 

120, where he is given a cadacauda in a 12th-century source. 

169 Ibid., pp. 74-75, no. 28. 
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Bear”, The precise Latin equivalent is not specifically stated in 
the Latin translation of Ptolemy's star-catalogue, 170 and medieval 
European astrolabists seem to have had some problems with the 
star. 171 

o) The Arabic names of the stars 

With regard to the four Arabic star-names added by Mas‘ad, we note the 
following: 

dabran (no. 3) with a sukiin or zero-vowel on the r (= ra’), 
clearly intended for the b (the standard name is (ab 
)dabaran. m This form dabran is Spanish Arabic, for there the 
second vowel of two successive internal short syllables can be 
suppressed. 177 The usual medieval European forms are 
ALDEBARAN/M, although the astrolabe under discussion has 
DBRAN, perhaps for D(A/E)BRAN, perhaps for 
D(A/E)B(A)RAN, and ALDEBRAN is attested in Geoffrey Chau¬ 
cer’s treatise on the astrolabe and on one 14th-century English 
astrolabe (#457). 174 

2 hu mays a (no, 6), correctly ghumaysd\ from which the Latin 
form is derived, is the Western Islamic name, the star being called 


I 0 See Kunitzsch, Siernkalaiog des Almagest, If p. 38, no. 2L 

II It is not amongst Paul KunilzsctTs list of astrolabe stars {Arahische Stenmamen in 
Europa y pp. 59-96), but is listed as pes ursi {sic) in one medieval star-table {idem, Typen 
von Sternverzeichnissen , p. 32, no. 13). See also Chicago AP Catalogue 3 1, p. 159, 
where it is not to be found in the list of all stars featured on the astrolabes in the 
collection. On this star see now Kunitzsch, 'Three Dubious Stars”, pp. 68-69. 

112 Kunitzsch, Sternnomenklatur der Araher, p. 51, no. 69. 

1,3 Article “aLAndalus, x: Spanish Arabic” in EI 2 , by G. S. Colin, especially p. 502b. 1 did 
not fmd any examples of this phenomenon in Corriente, Spanish Arabic , but words of 
the form CaCaCan are not common. On the other hand Corriente (ibid,, p, 64) notes that 
in an open syllable followed by a closed one the second vowel is stressed. In passing we 
note the form Quleyman for Sulayman (ibid., p, 65). 

174 Kunitzsch, ArahischeSternnamen in Europa , p. 47 and p. 70, no. 18. 
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al-shi'rd al-sha’dmiya in the Islamic East. 175 The form ghumaysa 
is probably to be regarded as a Spanish Arabic simplification of 
the classical form. 

al-hayya (no. 13), with a sukiin on the / (= lam), which is correct 
but superfluous, and a shadda on the y (= yd '), which is 
appropriate, is abbreviated from ‘unuq al-hayya.' 16 

al-tayir (no. 17), with a y (= yd’) rather than a carrier for a 
hamza , an acceptable Middle Arabic form of al-td’ir.' 11 

Note that the stars have been selected because each one is in a different 
quadrant of the heavens, so that at night, in theory, at least one is always 
visible, Another astrolabe (#169), from Italy ca. 1300, has only four stars 
on its rete, one each quadrant. 178 

In the case of the second layer of Arabic star names, scratched near 
their “Latin ’ equivalents, the hand is totally different from that of Mas'Cid. 
It seems inconceivable anyway that he would have made these messy 
additions to his own astrolabe. Thus it seems reasonable to postulate a 
second Arabic hand. 

These additional names are given in the Table. Several are difficult to 
see and not a few difficult to read. No equivalent name has been given for 
9AB1 (no, 19), doubtless because this was not a standard astrolabe-star 
and the Latin name seemed so strange; one name (no. II), scratched 
around the hole at the base of the star-pointer, is illegible; and another 
(no. 18: t-r-w) makes no sense. 

P) The astronomical markings on the three original plates 

The latitudes on the three plates that belong together (hereafter P1-P3) 
serve Jerusalem and Reims (see §3r) as lower and upper limits. The 
remaining latitudes span the range 40°-45°, bounded by Toledo in the 

I 5 Idem, Sternnomenklatur der Araber, p. 112, no. 290a. 

' 6 See n. 164 above. 

I I Ibid,, p. 86, no. 194a. 

1 8 King, “Medieval Italian Non-Standard Astrolabe”, ijB4. 
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south and Vienne (or maybe Lyon) in the north. These latitudes can act as 
a guide to the provenance of the instrument, 1 ' 9 We may be confident that 
the astrolabe was made either in Central or Northern Spain or Southern 
France, favouring the former possibility. See further §3s. 

The lightly-engraved initial horizons for 45° on the plates for latitudes 
32'/ 2 0 and 43° suggest that the maker started working on them and 


179 See n. 36 above. For comparison we note the latitudes on three medieval Catalan pieces 
(sec further King, “Earliest European Astrolabe”, pp. 372-376, and King & Maier, 
“Catalan Astrolabe”, pp, 677 and 690-695) as well as the unique astrolabe with Judaeo- 
Arabic inscriptions (see Khaliti Collection Catalogue, II, pp. 214-217, no. 124): 

First, #3042 has astrolabic markings for latitudes 36\ 39", 4l;3G\ 45" and 47;30*. 
Only the third latitude is associated with any locality, namely, “ROMA ET FRANCIA” 
which refers to Rome and Catalonia, the latter where the instrument appears to have 
been made. What the maker had in mind for the other latitudes we can only speculate, 
and it is difficult to know whether a Graeco-Roman tradition or the Islamic tradition is 
more relevant: 36" - [Rhodes l “Africa” / 4th climate]; 39" - [Sicily / Naples / boundary 
between 4th and 5th climates]; 45" - [Vienne / Po Valley / 4th climate]; 47;30“ - 
uncertain, one possibility is Heraclea Pontica on the Black Sea, See further King, 
“Geography of Early Astrolabes”, pp. 11-12. 

Second, #162 has plates for latitudes 32;30“, 38;30\ 39;4G\ 41 and 42 , with no 
place-names. These might serve Jerusalem, Cordova, Valencia, Barcelona/Rome (?), and 
Pamplona/Gerona (?). This piece was probably made in Valencia. 

Third, #416 has plates for 31" Damietta, 32“ - Jerusalem, 33° - “Africa”, Le. t the 
Maghrib, 34“ Tripoli, 35“ Ceuta, 38“ - Sicily, 39“ Valencia, 40' - Segovia, 41" - 
Barcelona, 42" - Pamplona, 43' Macedonia, 44* - Genoa, 45’ - Milan, 46’ - no 
locality specified. This piece was made in Catalonia, therefore only Valencia and Bar¬ 
celona come into consideration. 

Fourth, #3915, the astrolabe with inscriptions in Judaeo-Arabic, has plates for: 29" - 
Sijilmasa, 30 Cairo, 31“ - Marrakesh, 32" Jerusalem, 37* - Tunis, 37 s (?) - Seville, 
and 38“ Cordova. This information is more of academic than practical interest because 
the markings on the plates do not correspond to these latitudes. It is not clear whether 
the instrument was made in al-Andalus or the Maghrib. 

The dangers of trying to identify which locations astro! a be-makers had in mind when 
we know only the latitudes they used for their plates are well illustrated by the French 
quatrefoil astrolabe #546. Here the localities are mentioned and not a few are surprising: 
32* - Jerusalem; 36“ “Affrica” [= Tunisia|; 42“ Rome; 45" - Montpellier; 47“ - 
k 'CATVR” (unidentified, perhaps Tours); 48“ Paris; 53“ no location specified. On the 
French quatrefoil astrolabe #3058 the remaining original plates serve: 37' - Carthage; 
38“ - Tunis; 4T - Armenia; 42* - Rome; 45“ Cremona; and 49* - Paris. There is a 
replacement plate for 52* - London and 53“ Lincoln. 
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changed his mind about which latitude he really wanted the plates to 

180 

serve. 

There are occasional problems with the markings, namely: 

32 1 4° circle for the winter solstice; 

40° azimuth circle at 10° to the left of the upper meridian; one 
azimuth circle extended too far towards zenith; 

42° circle for the winter solstice; uppermost altitude circle; 

altitude circle for 66°; 

43° uppermost altitude circle; 

45° circle for the equinoxes has been engraved double; 
uppermost altitude circle; 

49 ] / 2 ° right-hand side of the prime vertical, that is, the azimuth 
circle passing through the east- and west-points. 

These may be compared with the markings on P4 where a different maker 
has become unstuck - see §3 ll In addition, however, on these three plates 
the construction of the azimuth curves is non-standard - see §3q. 

On PI and P2 there is a small hole at the intersection of the meridian 
with the circle for the winter solstice. This is not uncommon on medieval 
astrolabe plates, 151 On P3 the hole is at the right hand intersection of the 
horizontal diameter and the winter solstice circle for 43° and the left-hand 
intersection for 49 , /2°, almost as if the engraver made the hole, then went 
ahead with the rest of the markings forgetting about the hole. There is no 
such hole on P4. 


m This calls to mind a North Italian astrolabe dated 1420 (#4523) on which all the plates 
are for latitude 45*, serving the Po Valley but also the middle of the 6th climate, even 
though they arc labelled for a series of different latitudes. See further Stautz, “ Astrolab 
aus 1420” 

See Nuremberg GNM 1992-93 Exhibition Catalogue , II, pp. 589-592 (no. 1.77), espe¬ 
cially fig. 1.77.3, for a horizon for ccl 49* on astrolabic markings for ca< 46;30* on a 
German instrument dated 1468 (#550). 

181 Documentation of this phenomenon would be difficult. The purpose of the holes is un¬ 
clear. 
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q) The construction of the azimuth circles on the three original plates 

On each of P1-P3 there are two rows of eight equi-spaced construction 
marks between the intersections of the circle for the equinoxes with (I) 
the meridian below the horizon and (2) either side of the horizontal 
diameter. The azimuth circles, when produced below the horizon, pass 
through these points. This indicates that the points were used for the 
construction of the azimuth circles (which also all pass through the 
zenith). The centre of the prime vertical, visible on the meridian below the 
horizon, is then determined, and the centres of the other azimuth circles, 
also visible, would have been determined as the points on the 
perpendicular to the meridian through this point that are equidistant from 
the zenith and the appropriate point on the construction lines. Such a 
procedure is not only approximate and not much simpler than the rather 
cumbersome standard method (as used by Mas'ud on P4), it is also wrong. 
Although the azimuth circles are not noticeably differently placed with 
regard to the horizon, on either side of the meridian above (i.e., to the 
south of) the zenith, they are wildly divergent from reality. 

Now this procedure is unknown to the modem literature, and no 
medieval texts describing it are currently known either. 182 It is, however, 
clearly related to a procedure outlined in a 13th-century manuscript of an 
anonymous Spanish Latin treatise on the construction of the astrolabe. 183 
No other medieval astrolabes are known to bear such construction marks, 
but since the procedure was hitherto unrecorded, no such markings have 
ever been sought on astrolabe plates. 184 

,s " Various procedures, all exact, are described in Berggren, “Construction of Azimuth 
Circles”, and, most recently, Lorch, "Rudolf of Bruges on the Astrolabe", pp, 90-91. See 
also Michel, Traite , pp. 53-56, and Hartner, “Astrolabe”, A, pp. 296-298. 

IB} Edited in Millas Vallicrosa, Traducciones orientates, pp. 318-319 (I owe this reference 
lo Francois Charette). On the problematic attribution assumed by Millas see Kunitzsch, 
“Astrolabe Treatise Ascribed to Messahalla”, p. 49, especially n. 35, The procedure and 
this text should be investigated further. 

154 In the same way it was a surprise to find that the shadow squares on two 14th-century 
Northern French astrolabes (#198 and #202) were constructed by an approximate pro¬ 
cedure. There the procedure is likewise incorrect and the divergence even more obvious. 
See further King, Ciphers of the Monks, pp. 416-417. 
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Furthermore, on each of these plates there is a set of points on what 
appears to be part of an altitude curve at about 30° below the horizon on 
the left-hand side of the meridian (most clearly visible on the plate for 
43°), The purpose of these markings has not been established, 185 

r) The plates for Jerusalem and Reims 

The inclusion of Jerusalem, common on medieval European astrolabes, 
may have been pro forma, imitating the presence of Mecca on Islamic 
astrolabes. If the maker was a Christian there may have been in his mind 
the eventuality that the instrument might be used by a pilgrim or by a 
crusader. 1Sft And if he was a Jew, even one converted to Christianity, a 
plate for Jerusalem would have been doubly appropriate. Such a plate is 
found on the Judaeo-Arabic astrolabe #3915, but not on the later Jewish 
astrolabes (#158, #159 and #3906) - see §3t. In addition we note that 
32;30° for Jerusalem is not an Islamic value, 18 ' but it is found on the 
Catalan astrolabe #162. 188 One possible implication is that some Crusader 
took the trouble to measure the latitude of Jerusalem, although his value 
32;30° is less accurate than the standard Islamic values 31 ;50° and 32°0 
(the correct value is 31°47'). Another is that this was a compromise 
between two Islamic values, 32;0° and 33;0°. 


18:1 They are not related to the unusual circles for twilight that are found, for example, on 
the 14th-century Picard piece #202, On each of the plates of that piece we find an alti¬ 
tude circle below the horizon which is tangential to the equinoctial circle, and whilst the 
approximation to the conditions of dawn and nightfall is reasonable for the latitude of, 
say, Paris, for lower latitudes the error is considerable. See further King, Ciphers of the 
Monks, pp. 412-414 and 416, 

ISG On the earliest European astrolabe we find Rome raLher than Jerusalem, but not neces¬ 
sarily because Rome was important to the maker, but rather possibly because the 
instrument seems to bear traces of a Roman tradition of astrolabe-making. See n. 210 
below. 

,a7 Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 160-16 L 

1S8 See n. 179 above and also King & Maier, "‘Catalan Astrolabe”, p. 692, 
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The inclusion of a plate for 49;30°, too high for Paris, 189 is surprising 
but can be explained. Various values were used for Paris in the Middle 
Ages, and they all lie between 48° to 49°. 190 On the other hand Reims is 
given latitude at 49;20° in a 15th-century English geographical table (the 
correct value is 49°15'). 191 In earlier sources it is given a latitude far too 
low, but is identified as sedes regisfrancorum, “the seal of the king of the 
French”, 192 and that is why it is featured here. More specifically, however, 
in 1234 Count Thibaud IV of Champagne had become king of Navarre, 
and in 1284 Countess Jeanne of Champagne and Navarre married Philippe 
le Bel, so that there were strong ties between Navarre and Reims. 191 This 
is, alas, not sufficient evidence to assume an origin for the astrolabe in 
Navarre, although Jewish craftsmen were active in such centres as 
Pamplona and Tudela. If the astrolabe was made there it might have ended 
up in the hands of the mudejar Mas‘ud further south. 

s) The of her localities served by the original plates 

It was usual for medieval astrolabe-makers to prepare plates for a span of 
latitudes on either side of the latitude of their own location. 194 


l&9 In Nancy 28.06 1998 Pamphlet it is assumed this plate is for Paris, adducing #190, an 
astrolabic plate supposedly for latitude 49;30 < \ in support of this. However, the latitude 
engraved on that plate is 48;50' ! not 49;30\ 

m North, Horoscopes and History, p. 194. Where we find 49", as on the 14th-century 
French astrolabe #3058, and on the 15th-century French additions to the 14lh-century 
Italian astrolabe #548, it is most probably rounded from 48;5G\ or from another com¬ 
mon value, 48;48 a , The former is given by Jean Fusoris ca. 1400 in his treatise on the 
construction of the astrolabe - see Poulle, Fusoris, p. 100, 


192 Reims, identified only as secies regis francorum, is at 45;50* in two 12th-century 
sources, the Toledan Tables and the Marseilles Tables (Ptolemy had 45530") - see 
Kennedy & Kennedy, Islamic Geographical Coordinates, p. 285. 

m See Paris GP 1998 Exhibition Catalogue on the fates and fortunes of Philippe and his 
sons. 

394 AndalusT astrolabes do not accord with this rule, not least because to the north lay 
regions inaccessible and undesirable to their Muslim makers. Thus, for example. #1099, 
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Occasionally they did later historians the favour of marking the name of 
that locality, but alas that is not the case here. The three plates serve 
latitudes: 


32 '/ 2 

42 

40 

45 

43 

49V 2 


In the light of these three plates alone the latitudes 42° and 43° could 
be considered the most reliable pointers to the provenance: in some 
medieval geographical tables both values are associated with Narbonne 
(and nowhere else), 195 but this city is too far north and not where one 
would expect to find an Arab engraver. But 42° might also have been 
intended for Barcelona (as on #416), although it is too high and linguistic 
considerations speak against a Catalan provenance for our piece. It could 
also have been intended for Saragossa, whose latitude was taken as 41;30° 
(as on #1099, actually made in Saragossa, #117, #118, etc.) or 42° (as on 
#110, #3650, #2572, etc.), or even 43;30° (as on #116). The composite 
European astrolabe #191 has 41° for Saragossa. In that city, as well as in 
Toledo (see below), there were Jewish metalworkers in the Middle 
Ages. ,9cj Burgos is another possibility for latitude 42°. A solitary 11th- 
century plate in an AndalusT astrolabe dated 638 H [— 1240/41] (#154) has 
40° for Toledo and 42° for Burgos; no other Islamic astrolabes have 
markings for Burgos.’ 9 In a 1Sth-centuiy Spanish gazetteer the latitude of 
Burgos is given as 43;4°. 39S Another possible choice for latitude 43° 
would be Pamplona, capital of Navarre, although on the medieval Catalan 
astrolabe #416 it is put at latitude 42°. 199 

made in Saragossa in the late l }th century* has 11 sets of markings for latitudes between 
those of Mecca and Saragossa, but nothing beyond. 

195 North, Horoscopes and History, p. 193. 

196 See n. 9 above. 

I9 ' In Chicago AP Catalogue , I, pp. x-xi T the astrolabe itself is stated - presumably citing a 
one-line description from the 1920s - to be from Toledo. 

198 Catedra & Sams6, Astrologia de Enrique de Villena, p. 94. 

199 See n. 179 above. 
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Now the fourth plate is not original and it may be that an original 
fourth plate bore markings for, say, 38;30 Q (for Cordova, in Christian 
hands since 1236 and often featured on early European astrolabes, e.g , 
#162) and 44° (if only for the sake of completeness). This would fit nicely 
into the arithmetical organization of the latitudes on the plates, thus: 


32'/ 2 

42 

[38'/ 2 

44] 

40 

45 

43 

49'/ : 


In this case latitude 40° would come into consideration as a pointer to 
provenance, which would most likely be Toledo. This has the advantage 
that it was the main centre of Jewish activity in metalwork in the whole of 
Spain. 200 The parameter 40° was the only serious latitude for Toledo in 
Islamic geographical tables,' 01 possibly rounded from the value 39;52° 
(accurate to the minute) found aleady on some 11th-century Andalusl 
astrolabes, 202 and in the 15th century the value 39;53° or 39;59° is given 
in a Christian Spanish source. 203 Another possibility for the original fourth 
plate would have been the latitudes 37;30° (for Seville, recaptured by the 
Christians in 1248) and 38;30° (for Cordova); this again would point to a 
slightly higher latitude for the provenance, say, 40° for Toledo. If the 
hypothetical original plate had borne markings for, say, 36° (Almeria) and 
38;30° (Cordova), both standard on medieval Western Islamic astrolabes. 
Mas L iid might have resisted the temptation to engrave a new plate. 


200 See nn. 9 and 196 above. 

201 See Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 357-358; 

202 In King, "Geography of Early Astrolabes”, pp. 16-17, I claimed that 39;52* was one of 
the values attributed in the 13th-century Libros del saber de astronomia to the AndalusT 
astronomer Ibn al-Zarqalluh in 1067. But, as my good friend and colleague Julio Samso 
took pleasure in pointing out to me, this list of values was inserted by the 19th-century 
editor, who had taken it from the astrolabe #1161 So we still do not known who derived 
this excellent value for Toledo. 

m tVfirias Vallicrosa, "Astrologia de Enrique de Villena”, p. 416: "40 menos 7 min.”, and 
Catedra & Samso, Astrologia de Enrique de Viliena, p. 94: lt 40 menos un minuto”. 
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t) The Hebrew inscriptions on the three original plates 

The latitudes of the six sides of the three original plates are scratched in 
Hebrew alphanumerical notation at the bottom rim of each side. They are 
expressed sexagesimal^ (in degrees and minutes) because in Greek, 
Arabic and Hebrew this kind of notation alone is used for sexagesimal 
numbers and fractions, 204 

The positioning of these scratches seems to indicate that they were 
added in the course of construction. 205 In other words, one of the persons 
involved in the construction was a Jew. 

The number of astrolabes with original inscriptions in Hebrew 
characters is few indeed. The earliest one is that with inscriptions in 
Judaeo-Arabic (#3915), dating from ca. 1300. Then there are three 
astrolabes with inscriptions in Hebrew, clearly from the same milieu, 
probably Italian, possibly Bologna, 206 and apparently dating from ca . 
1400: #158 (London), #159 (Chicago), #3906 (Paris, private collection). 
The back of another astrolabe #621 (Munich) may come from the same 
tradition. Finally, there are Hebrew additions to two 11th-century 
AndalusT astrolabes: #2572 (a replacement rete with Hebrew inscriptions), 
and #116 (additions to the solar and calendar scales as well as the plates 
for Toledo and Cordova); to an Italian astrolabe from ca . 1300: #4509 
(Hebrew names of the signs and the months); and to a 14th-century 


204 On Hebrew alphanumerical notation see the references in n. 51 above. On sexagesimal 
notation see, for example, Berggren, Episodes, pp. 39-48. 

~ 0> Several astrolabes have interpretations of or corrections to the latitudes indicated just 
below the inscriptions mentioning the latitudes - see, for example, King, “Astronomical 
Instruments between East and West”, p. 153, % Vc. The custom of marking hatch 
numbers near the pegs on plates was followed by Georg Hartmann in Nuremberg in the 
early 16th century - see, for example, Nuremberg GNM 1992-93 Catalogue, II, pp. 593, 
594e and 596a. 

206 The only clue to provenance on the four astrolabes is that one of the plates on # 159, 
albeit a poorly-made piece lacking the quality of the others, bears the name Bologna 
(and also Paris) in Hebrew - see Chicago AP Catalogue , I, pp. 58-60 (no. 7), The three 
pieces are discussed together in Goldstein, “Hebrew Astrolabe \ but a more detailed 
comparative study would be worthwhile. On the dating see ibid., pp. 156-157. 
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English astrolabe: #293 (owner's mark in Hebrew on the throne and 
Hebrew abbreviations for zodiacal signs and month-names on the back), 

u) The fourth plate 

P4 is slightly thicker than each of P1-P3 (see §2j and §21). Although the 
markings “look” as if they are by the same maker, not least because the 
divisions are the same and the azimuth circles do not extend beyond 
altitude 78°, we note first that: 

(1) P4 has no markings in Hebrew, such as are found on Pl-3* 

(2) P4 has no small hole at the intersection of the meridian with the 
circle for the winter solstice, such as are found on PI and P2, and 
in a different position, on P3, 

In addition there are various differences in the construction marks, 
notably: 

(3) The maker of P4 marked a short incision at some of the points 
where the attitude circles cut the meridian; these marks are 
lacking on Pl-3. 

(4) On both sides of P4 the centres of the azimuth circles are clearly 
visible on a horizontal line below the horizon; on P1 -3 there are 
traces of a different, approximate construction, although the 
centres of the azimuth circles are also present - see §3q. 

(5) On PI-3 below the horizon there are short lines to mark the 
divisions on the circles corresponding to the equinoxes and 
solstices, as an aid in the construction of the curves for the 
seasonal hours; these are lacking on P4, 

(6) On P4 there are several azimuth curves which are slightly too long 
or slightly too short at the horizon; this is not the case on PI-3* 

(7) On P4 two of the hour-curves on the side for Mecca are dupli¬ 
cated; there are no such problems with any of the hour-curves on 
PI-3. 

In general the markings on P4 are slightly less carefully executed than 
those on PI-3, but, as noted in §3u, the latter are not without occasional 
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problems. On P4 there are also problems with the curve for the zuhr on 
the side for Algiers, which has been duplicated along most of its length. 

A metal analysis could provide definitive proof whether the fourth 
plate came from the same workshop as the other three. The visual 
evidence suggests that at least the raw plate did. 

See §4e on the latitudes used by Mas‘ud for Mecca and Algiers. 

v) The times of Muslim prayer on the plates for Algiers, Mecca and 
Jerusalem 

Markings for the times of Muslim prayer 07 are standard on AndalusT and 
MaghribT astrolabe plates. The times of the prayers shortly after midday 
and mid-afternoon prayers (zuhr and 'a$r) are defined by shadow-lengths 
and they are marked by special curves amidst those for the seasonal hours. 
In order to draw them one needs only to know the times of the prayers at 
the equinoxes and solstices, mark these on the corresponding base-circles 
and construct the arc of a circle through the three points. The times of the 
night-time prayers are at nightfall and daybreak, defined when the sun has 
a certain angle of depression below the horizon, usually taken as 18° by 
AndalusT astronomers. The altitude circle for -18° can be drawn, but it is 
easier to mark the altitude circle for +18° in a special way and to use the 
point opposite to the sun on the ecliptic ring. In the case of the astrolabe 
under discussion, as on most AndalusT astrolabe plates, the latter 
procedure has been adopted. 

On the plate for Algiers, there are thus two curves serving the daylight 
prayers and there are fish-bone markings on the altitude circle for 18° 
between the solstices. None of these markings is labelled. 

On the plate that serves the latitude of Mecca, only the altitude circle 
for 18° is marked, and there are no curves for the daylight prayers. 
Furthermore it should be noted that not a single known European 
astrolabe has astronomical markings specifically stated to be for the 

207 For an overview see the article “MTkat. ii” [= astronomical timekeeping and tire regula¬ 
tion of the times of prayer] in El 2 , reprinted in King, Studies , C-V, also the article 
“Shafak” [= twilight]. More details on the origins of the definitions of the times of 
prayer, and how they were applied in practice over the centuries, is in idem, SATMl. 
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latitude of Mecca, even though some such instruments have extensive 
ranges of latitudes from the equator to the northernmost inhabited 
regions. 

On the plate serving the latitude of Jerusalem the altitude circle for 18° 
has been marked in a similar way, but not necessarily by the same hand. 
There are no additional markings for Muslim prayer-times on any of the 
other original plates. If Mas'ud was indeed active in Toledo or Saragossa 
one might have expected him to have added markings on the appropriate 
plate. 

We have noted that there are no labels on any of these prayer-curves, 
even though it was standard practice in AndalusT and Maghrib! astrolabe- 
making to label such curves. Are we here witness to yet another attempt to 
dissimulate and not to draw attention to Mas'ud’s religion? See further 
§4d. 

w) The scales on the back 

The presence of a calendar and solar scale on the back is precisely what 
we should expect on a medieval European astrolabe. 209 This tradition was 
adopted from earlier Western Islamic astrolabes, on which such scales 
appear already in the IOth century, if not before. And that earlier tradition 
seems to be inspired by a Roman tradition, if the evidence provided by the 
10 lll -century Catalonian astrolabe (#3042) has been correctly 
interpreted. 210 

Yet there was also an Eastern Islamic tradition of such scales. First, the 
great scientist al-BTrunl (Central Asia, early 11th century) mentions an 


J> * The 14th-century French (?) piece #2041 does have a plate for latitude 22\ but no 
localities are mentioned on any of the plates, which serve 10 latitudes between 22* and 
48*. 

209 Thus, when there is no such scale on a medieval European astrolabe, we may suspect 
that we are dealing with a copy of an Islamic instrument; see King, “"Medieval Italian 
Non-Standard Astrolabe”, §06, on #169. 

2t0 King, '"Earliest European Astrolabe”, pp, 384-385. The first paragraph on p. 384 should 
have been preceded by the words “Added in Proof’. 
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astrolabe bearing the names of the Byzantine months. 211 And second, a 
few astrolabes from 12th- and 13th-century Syria, Egypt and the Yemen 
have such scales, either for the Syrian months (for example, #103, #140 
and #4029) or for the Coptic months (for example, #106). 212 

Since the front of the astrolabe under discussion is to all intents and 
purposes European in execution if not in style, we may assume that the 
scales on the back were originally intended to be engraved with the appro¬ 
priate Latin forms of the names of the zodiacal signs and months. Mas‘ud 
engraved the Western Islamic forms of the European month-names. These 
were used by the Arabs in al-Andalus in the 14th century alongside the 
Muslim months; often dates are given in both calendars, 213 

x) The dates of the equinoxes and solstices 

The dates of the equinoxes and solstices, namely: 

111 13 '/ 3 VI 15 3 / 4 IX 16'/ 2 XII 14'/ 3 

correspond, at least for the equinoxes, to ca. 1200, but this should not be 
taken too seriously for the purpose of dating the astrolabe. 214 For 
comparison we note that: 

a) the Catalan astrolabe #3042 of supposedly ca. 975 has the vernal 
equinox at III 15; 


Zlt On al-BIrunl see the article in DSB. For the quote see King, "‘Earliest European Astro¬ 
labe", p. 376, n. 39. 

212 See n. 129 above. 

213 For some examples see van Koningsvdd, "Arabic Manuscripts from Christian Spain", 
A, pp. 85-87. 

234 This dating is based on a computer-generated table of dates of the equinoxes and sol¬ 
stices for each 100 years from 0 to 2000 prepared by Dr. Benno van Dalen, Frankfurt. In 
Nancy 28.06.1998 Pamphlet the vernal equinox is associated with the second quarter of 
the 14th century. On the problems associated with this kind of dating see the studies 
cited in n. 37 above. 
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b) an early Spanish or French astrolabe #161 (present location 
unknown) also has III 15; 

c) an early medieval astrolabe of uncertain provenance #420 has III 
14; 

d) the Catalan astrolabe #162 of supposedly ca. 1300 has III 12; 

e) the other Catalan astrolabe #416 of the same supposed date has III 
1 L5; and 

f) the astrolabe of Petrus Raimundus dated Barcelona, 1375 has III 
12 . 

Only the last of these instruments is actually dated, and the dates assumed 
for the others may be in error by as much as ±50 years. 

y) The use of silver 

Silver is used for the buttons at the base of star-pointers as well as the 
handles on the retes on several 1 Ith-century AndalusT astrolabes, as well 
as on the unique astrolabe with Judaeo-Arabic inscriptions. In the holes on 
the star-pointers here there is no trace of silver, thus the holes are purely 
decorative. 

Only one medieval European astrolabe has any inlaid silver or any 
kind of cartouches for inscriptions. This is #213, a piece of uncertain date 
and provenance; on the back of this, illustrations of the zodiacal signs are 
inlaid in silver. Unfortunately, however, the location of this piece is 
unknown and no photos of the back are known to exist. 215 Also, no known 
astrolabe from the Islamic West has inlaid silver cartouches, or indeed arty 
kind of cartouches, for the inscriptions, 210 other than #4182, made in Fez 
in 719 H [“ 1319/20], where the signature on the back is enframed in a 
barbed quatrefoil: see Figs. 12b-c. Another piece, #4217, made in Granada 
in 886 H [= 1481/82], has silver inlay, this in decorative single-leaf-forms 

: 1 5 An illustration of the front is in Culver, “Early European Instruments 15 , p, 34 See also 
Gunther, Astrolabes, II, pp. 361-362 (no. 213); Gunther’s dating to the end of the 16th 
century is much too late. 

216 Cartouches are common on later Islamic astrolabes from Safavid Iran (17th and early- 
18th century), particularly for arguments on scales and place-names in geographical 
gazetteers. 
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on the front of the throne (in addition to the silver knobs on the rete and 
silver buttons on the star-pointers). A substantial number of surviving 
astrolabes from Ayyubid and Mamluk Egypt and more especially Syria 
are inlaid with silver, in fact, some eight out of a total of thirteen known 
pieces from Egypt or Syria during the period 1 150-1300. 217 A spectacular 
example is #137, an astrolabe by aLSahl al-NTsSburl, made in Syria 
between 1180 and 1280. Here the circus-figures decorating the rete are 
inlaid with silver, and the star-names are engraved on the silver. Two 
more are the splendid instruments of ‘Abd al-Karlm al-Misn, made ca . 
1230 probably in Damascus, the first complete (#104), the latter with 
replacement rete (#103); on these the thrones and some of the inscriptions 
are inlaid in silver. Finally, one Mamluk Egyptian astrolabe with 
inscriptions in Arabic and Coptic (#4036) has all the inscriptions on the 
rete, the mater, the back and the plates inlaid in silver. 21 * There are 
numerous examples of Mamluk metalwork which reflect the skill and 
enthusiasm of Egyptian and Syrian craftsmen in inlaying silver and gold 
in brass: one of the most magnificent is the basin known as the “Baptistere 
de Saint Louis” in the Musee du Louvre, from the second half of the 13th 
century. 219 If we were to suppose that Mas'ud was an Egyptian or Syrian, 
then it could be possible either that he commissioned the silver cartouches 
and showed his predecessor how to inlay them, or that he actually 
collaborated with that person in preparing them for his own use. On the 
other hand, as we shall see, it seems more likely that the silver inlays 
derive from an AndalusT tradition, not least by virtue of their shape. 

The question why anyone would want to highlight with silver inlay the 
names of the signs of the zodiac and the solar months is another matter. 


1 An astrolabe with silver inlay is mentioned as belonging lq a barber in one of the 1001 
Nights. Here the account is surely inspired by a Syro-Egyptian astrolabe (the entire cor¬ 
pus of tales is Syro-Egyptian in origin, although the location of the alleged events is 
Baghdad). The text is extremely corrupt yet can be partially restored to reveal the astro¬ 
logical implications of an observation that was reportedly made. For two studies of this 
text see Verneb “La conjuncion del barbero” and Maddison, “Barber's Astrolabe”. 

2[B See n. 257 below. 

1J See Mayer, Islamic Metalworkers, pp. 74-75, and, most recently, Behrens-A bouse if 
“Baptistere de Saint Louis”. 


Suhayt 3 (2002-03) 


90 


David A, King 


Perhaps we are witness to some interest in the astrological significance of 
the zodiacal signs, which is richly reflected in a subset of inlaid Islamic 
brass-ware. 230 This having been said, it should be noted that on the richly- 
decorated astrolabes of ‘Abd al-Karlm al-Mi§rT mentioned above, the 
names of the signs and months are not inlaid. Furthermore only rarely do 
medieval European astrolabes bear astrological information on the scales 
on the back. 221 And alas #231, the only European astrolabe with artistic 
representations of the zodiacal signs in inlaid silver on the back is un¬ 
available to us. 

It is easier to understand, for example, why the curves for the times of 
Muslim prayer (and no other features.) are inlaid in silver on the plates of 
#109, made by the Yemeni Sultan ai-Ashraf in 690 H [= 1291 ]: 222 the 
times of prayer are the most important times during the Islamic day. 223 
Likewise the curves displaying the altitude of the qibla or local direction 
of Mecca at Herat and Saniarqand (and no other features) are inlaid in 
silver on the plates of #3595, an astrolabe made in 830 H [= 1426/27] for 
the astronomer-prince Ulugh Beg. 224 The Prince was wont to oscillate be¬ 
tween these two main cities of his realm, and in whichever he was, he 
could use his astrolabe to determine the sacred direction. 22 ' 


220 See most recently New York MMA 1997 Exhibition Catalogue , and another example in 
Paris IMA 1995 Exhibition Catalogue , p. 457 (no. 370). 

221 See Glasemann, “Zwet mittdalter!iche franzosische Astrolabicn”, pp. 221-222 and 230, 
dealing with the astrological properties of the lunar mansions. This article explains the 
markings on #549, an unsigned astrolabe of the Vienna school dated 1457 - see Nur¬ 
emberg GNM 1992-93 Exhibition Catalogue , II, p> 583, 

2:12 See King* “Astrolabe of a Yemeni Sultan”, pp. 104-105 and pis. 4-7, and idem, 
“Strumentazione”, p. 163. 

225 See n. 207 above. 

" 4 See King, "Strumentazione”, p. 165, and idem, Mecca-Centred World-Maps, pp. 106- 
108. See also n. 258 below. 

225 See article “Kibla if Astronomical aspects” in EI 2t reprinted in King, Studies, C-IX. 


Suhayl 3 (2002-03) 


An astrolabe from 14th-century Christian Spain 


91 


z) The shape of the cartouches 

The cartouches are essentially rectangular (albeit with the longer sides as 
circular arcs to fit within the boundaries of the scales) with simple half- 
quatrefoil decoration at each end: 




Cartouches of this kind are not uncommon on late Islamic metalwork from 
Syria eastwards, 226 as well as in Qur'an illumination from 15th- and 16th- 


226 Some examples: 

- A bronze jug made by ShTr 'AIT ibn Muhammad DimashqT in 872 H [= 1467/68] - see 
Mayer, Islamic Metalworkers , p. 83 and pi. XI V. 

- A steel sabre from Ottoman Turkey, datable ca. 1340 see Welch, Muslim Calligraphy, 
pp. 94-95 (no. 30). 

-Two undated signed Eastern Islamic copper vessels - see Mayer, Islamic Metalworkers* 
pp. 47 and 80, pis. VII and XIL 

- A jewelled silver Qur an cover from Kasimov in Central Russia dated 1002 H 
1593/94] - see Kuwait Hermitage 1990 Exhibition Catalogue^ pp, 35 and 128-129 (no. 
109). 

- Some late-16th-century Iranian bath-pails, hawking drums, torch-stands and pouring 
vessels see Melikian-Chirvani, Iranian Metalwork , pp. 306-311, Geneva MAH 1985 
Exhibition Catalogue , p. 287, and Copenhagen DS Catalogue , p, 351. 

- A copper wine-bowl from early-17th-century Isfahan by an Armenian craftsman see 
Welch, Muslim Calligraphy , pp. 142-143 (no. 57). 

- An “Elijah chair” (date uncertain) for circumcision ceremonies, in a synagogue in Qasr 
Shinn in Iranian Kurdistan see Sepharad, p. 76. 

Most Iranian cartouches are pointed at the ends, as can be seen from a perusal of 
Melik ian-Chirvani *s splendid book, Iranian Metalwork. See also n. 3 20 above on a ter¬ 
racotta font from 14th- or 15th-century Muslim Spain with oblong cartouches, also with 
pointed extremities. 
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century Turkey and Iran, 237 but they are also found on various Nasrid and 
mudejar objects. 228 Indeed, essentially rectangular cartouches are a rather 
prominent feature of Nasrid and mudejar decorative art . 22 ' 1 

The reader should be aware that we are dealing with an extremely 
simple design, when viewed in the light of the almost unlimited 
sophistication and variety of Andalusi decorative art. 2311 However, one 
should be careful in assigning a particular design of this simplicity to any 
regional school. As a warning one might cite the presence of cartouches 
precisely like those on this astrolabe, with a quatrefoil attached at the 
extremity, in the decoration of the Mosque of Ibn TGlGn in Cairo, built 
during the period 876-79. 221 


227 For two examples see Lings, Quranic Calligraphy and Illumination , pis. 88 (15th cen¬ 
tury Turkey), and 90 (16th-century Iran). 

121 Notably, five pieces with cartouches of this kind, sometimes separated by qualrefoils: 

- A silk pillow cover of Sancho IV, late 13th century - see Granada-New York J992 
Exhibition Catalogue, p, 112, fig. 8. 

- Fragments of a silk textile from Nasrid Granada - see Ars Hispaniae, IV, p. 199, fig, 214. 

- A glazed and painted terracotta tile designed as a textile, from Granada, datable ca. 1410 

- see Ars Hispamae, IV, p. 185, fig. 191, and more especially Granada-New York 1992 
Exhibition Catalogue , pp. 360-361 (no. 113). 

- Some mudejar plaster decoration on the Alcazar in Seville, 1362 - see Ars Hispaniae, 
IV, p. 371, figs. 426-427, 

- Some mudejar decoration on the interior walls of the Iglesia de Santa Justa y Rufina in 
Maluenda (Zaragoza) - see ibid., IV, p, 274, fig. 297. 

See also the more developed red oblong cartouches on a silk textile fragment from the 14th 
century featured in Granada-New York 1992 Exhibition Catalogue, p, 335 (no. 97). 

229 A good example is the richly-decorated Nasrid sword and scabbard in the Bibliotheque 
Nationale de France, datable to the late 15th century. See ibid., pp. 284-286 (no. 61), 
although the five oblong cartouches with ends shaped < and > are actually on the side 
other than the one illustrated there, and they are better seen in Paris BN Catalogue, no. 
6; “epee de BoabdiP, 

210 See m 139 above. 

231 Pav6n Maldonado, El arte hispanomusulman , p. 114 and \ 17, design no. 90. 
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As noted already In §2e and §2p, the sides of the cartouches coincide 
with the corresponding sections of the circles defining the solar and 
calendrical scales. The marks of hammering on the inside of the mater 
confirm that the cartouches did not cover any original inscriptions. And 
they correspond to medieval techniques of preparing the surface to enable 
the brass to better receive the molten silver. 2 " 2 

&) The decoration around the names of the zodiacal signs in the outer 
cartouches 


Above the names of the zodiacal signs on the back various Arabic letters 
and vowel-signs have been inserted. One might have expected some 
symbols denoting, say, the astrological lords of the various signs, 223 but 
the presence of these markings can partly be explained. We repeat the 
data, reminding the reader that 0 denotes a sukun or zero-vowel sign, * 
denotes a shadda, the sign denoting a doubled consonant, and ’ represents 
the weak guttural hamza. (The last may be a vaguely degenerate floral 
design, like a barbed fish-hook. 234 ) Furthermore the vowels a, / and u are 
written in the inscriptions as d (= alif), y (-yd% and w (= wdw). 


al-hamal : 00 u 
alfawzdv. 0 (altered) 
al-asad: 0 z (= zdy) d ddl) 
al-mizdn: h (~ ltd) or j (=jim) 0 
al-qaws : 0 a 
al-dalw: a * 

Thus by al-h-md for Aries we find what could be taken as one or two 
sukun s (zero vowel $ign$,0) and a damma (u- vowel)* It is doubtful 
whether the engraver thought these would help the pronunciation. 
Correctly the word would be written in full al0-hamalu , so that the word 
does have one sukun and one damma (this latter would normally be 


al-thawr; ua or 0 (squashed) 

al-sarafdn: no marks 

al-sunbula: 7 a i 

al- dqrab: 0 0 

al-jady : a 

al-hut: f a 


m On these see Ward, Islamic Metalwork, p. 35-37, with illustrations. 

233 Sec Hartner, ^Astrolabe”, 8, pp. 2547-2548 (pp. 304-305 of the reprint). 

234 Some examples are shown in Granada-New York 1992 Exhibition Catalogue , p> 337, 
on a late-14th-century Nasrid pluvial 
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suppressed in pause, as in an inscription), but not where the engraver put 
them. This kind of interpretation is confirmed by the a l if (for an a-vowei) 
and a shadda (for a doubled consonant) after al-dalw for Aquarius. 
Correctly the word would be written al-d*alw in pause, pronounced ad- 
dalw, so that a shadda and an a-vowel are appropriate, again if not where 
he put them. Similar arguments could be made for the two sukuns on al- 
'aqrab (from al0- 'aq0rab), the sukun and the a-vowel on al-qaws (from 
al0-qaw0s), and the or-vowel on al-jady. But this explanation does not 
hold for all of the signs, and it seems that Mas‘ud has simply used some 
of the various symbols as decoration. One implication of the above 
correspondences is that Mas‘ud copied these from some heavily vowelled 
original (see below) and used the vowels somewhat indiscriminately. In 
addition he also used criss-cross designs and simple flourishes to fill the 
remaining void spaces (see §3aa). 

The d (= dal) above the final letter of al-asad is an acceptable Arabic 
usage. 233 But the z (= zdy) above the s (= sin) in al-asad was perhaps 
intended to show that the word was to be pronounced al-azad or al-agad. 
(Note the problems that non-Arabs have with the single sin, so that, for 
example, the Arabic flasan becomes Hassan and the Syrian al-Asad 
becomes El-Assad.) Early European attempts to render qalb al-asad , “the 
heart of Leo”, included: Calbalazeda, Galbalaceda, Calbalaceda, 
Calbalaze, Calbalazed and Kalb eleced ; 236 some of these surely reflect 
Spanish usage. More difficult to account for is the h (= ha’) or j (= jim) 
above the z (= zdy) in al-mizdn. The letter has no dot so could be read as 
h, but it is given in the initial form, which is usually used, with or without 
a dot, for j in the abjad notation. 237 The j seems more probable, but a 
linguistic explanation of its presence is not apparent. 

An alternative possibility, namely, that we might find here some coded 
message or magic formula, seems unlikely. 238 All that we have in the way 


2JS See n. 124 above. 

236 Kunitzsch, Arabische Sternnamen, p. 76 (no. 30). 

237 Irani, “Arabic Numeral Forms”, pp. 5-6 (pp. 714-715 of the reprint). 

23S On Arabic letter-magic and cryptography and see the articles “Huruf, 'Ilm al-” and 
“Mu'amma” in El 2 . The standard work on Islamic magic is Fahd, Divination arabe, to 
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of letters are * {hamza\ zay ; dal and jim, and even when combined with 
any set of vowels, or interpreted as a set, 239 even with a mystical 
interpretation, 240 or read as numbers (1, 7, 4 and 3), 211 these do not seem 
to have any connection with codes or letter-magic or numerology, 242 

9) The names of the months and the decoration of the inner car- 
touches 

In the month-names, vowels that could theoretically stand for a ; i or u or 
even a zero vowel are represented by v in the following renderiJig: 

yvnayvr - fvbrdfyjvr (with one dot on they instead of two) - mdrvs - 
vbril- mdyu-yunvyu (the - h ending indicates a short -u or -uh) - 
yii/vyu (as for the previous month) - vghvsht - shytmbvr - 
vktubvr - nuvnbvr - dvjvnbvr 

These are most probably intended as: 24 ' 


which must now be added the splendid contribution of Emilie Savage-Smith to Khalili 
Co!led lot} Catalogue. 

239 If one had a set of the seven letters jun t zdy^ kdj ’ §ad, qdj i tha\ and ghayn, one might be 
dealing with the MaghribT variant of the letters corresponding to the element water (E/ 2 > 
III, p. 595b, also Schimmel, Islamic Calligraphy , pp. 92-93), and could come to the not 
unrealistic conclusion that Mas‘ud intended to flee Spain by boat 

240 Thus in 9th- and 10th-century IsmaMT mysticism, a//fstand$ for the Divine Order Jim 
for the Soul, ddl for Nature, zay for the Heavenly Spheres, etc.: see Schimmel, Islamic 
Calligraphy, p. 93. 

“ 4I Ignoring the hamza{ s), we note that the date 743 H, which corresponds to a year in the 
mid-14th century, close to the time when this astrolabe was made, would be written with 
the letters for 700, 40 and 3, not 7, 4 and 3. 

242 On the 14th-century Syrian box mentioned in n. 273 below there is an inscription which 
defied interpretation by its publisher but which simply reads buduh, a well-attested tal¬ 
isman on which see the article “Buduh” in EI 2y Supplement, 

243 The vowel!ing is not secure. See, for example, Corriente, Dictionary of Andatusi 
Arabic , p, 174, where for December we find dujunbur, dujunbir, dujanbir, and 
dujunbar, some, if not all of which, result from the “feel '* of the editors of the sources 
used by Corriente. 
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yanayir - fabrdyir - mars - abrll - mayu - yunyu - 
yulyu — aghushi - shutanbar - uktubar - mmanbar - dujanbar 

The form mayu is unusual; usually in AndalusT sources, both texts and 
astrolabes, we find mdyu(h)} 44 It seems that Spanish (or Portuguese, but 
not Catalan) influence is to be seen here, 215 

There are various mainly redundant but nevertheless correctly-placed 
sukun s on these names. Of particular interest are the various shaddas (*), 
namely, on the s {- sin) of m T rs, the t (= td ') of shtnbr , the k (= kaf) of 
*ktubr , and the w of nwnbr . It was a custom in Spanish Arabic to represent 
various European letters by the closest Arabic letter with a shadda 
attached. 246 Thus, for example, c was written as j* 9 n by «*, and p by b* or 
J*. It may be that the shaddas used here were intended to denote that the 
month-names should be pronounced mdrss (why is not at all clear), 
shattanbar (< shaptanbar ? although /?/->/ is attested in Spanish 
Latin 247 ), and nuvambar . The shadda in f k*tubr makes less sense, unless- 
and this seems most unlikely - it is misplaced and it is supposed to denote 
that the initial alif be pronounced as a short o. 

As with the decoration of the outer cartouches, it may be that the signs 
were inspired by similar markings on an earlier AndalusT astrolabe, such 
as one of the pieces of Muhammad ibn aTSaffar Now it so happens that 
two astrolabes made in Toledo by the same maker, Muhammad ibn al- 
Saffar, the first #3650, dated 417 H [- 1026/27] and the second #116 
three years later, 24 * present some of the very features that might have 
inspired Mas'ud. The engraving on these pieces is distinctive and loaded 


244 Ibid,, p. 492, and Maier, “Romanische Monatsnamen 1 *, B, p. 256. 

245 Merlo, Nomi romanzi dei mesi , p. 129. 

246 Article * l al-Andalus. x: Spanish Arabic 11 in El 2i by G. $, Colin, especially p, 502a, and 
Colin, "Charte hispano-arabe 11 , p. 377, n. 2. 

247 Castro, Glosarios latino-espaiioles , p. xliii. 

248 See n. 22 above, iVtayer, Islamic Astrolabists, pi. II, shows the back, unencumbered by 
an alidade. 


Suhay] 3 (2002-03) 


An astrolabe from 14th-century Christian Spain 


97 



Fig. 14 The back of the astrolabe made in Cordova in 1029/30 by Muhammad 
ibn af$affar (£116). The Arabic engraving ort the solar and calendar scales is 
complete with sukuns and vowels, and the Hebrew names of the signs and the 
months have been added to the Arabic ones. [Photo courtesy of the Museum of 
the History of Science, Oxford, 

with mainly redundant sukuns and occasional vowels - see Fig. \4 24> At 
least the first of these pieces was probably still in Toledo in the 14th 
century, as attested by the Hebrew name for Toledo on the appropriate 
plate (and also Cordova on another). One has perhaps to imagine another 
piece by the same maker, in the same distinctive and perverse AndatusT 


49 See already Maier, “Romanische Monatsnamen’\ B, p. 60, where it is noted that the 
sukuns are “teilweise redundant verwendet”, that is, “partly used redundantly^ 
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Kufic, extremely difficult to read, 250 on which there were also a few vowel 
signs as well. 

aa) The endless knots on the cartouches 

The criss-cross patterns like frames for a “noughts and crosses” game on 
the silver cartouches, and also near the end of the inscription on the 
shackle, are incomplete renderings of endless knots. Three complete 
forms are found in the cartouches for al-hamal (Aries) and al-jady 
(Capricorn), and dujanbar (December) - see Fig. 8b. These endless knots, 
admittedly here sometimes fudged at the ends, were used as incidental 
decoration in Islamic art, 252 especially in Hispano-Mauresque art, most 


250 Thus Woepcke misread the name of the maker as "jbn al-Saal” (that is, ibn al-$al), an 
error repeated in Goldstein 8l Saiiba, “Hispano-Arabic-Jewish Astrolabe", p, 19, n. 2. 
On #\ 16 the name certainly looks like at-SIl, but the medial has been engraved 

like a sukiin above the horizontal line between the $ {= $ad) and the long a (= alij ). On 
#3650 the name al-$affar is clear. See also King, Studies, B-XV, p. 360, n. 10, on the 
problems of reading the name al-$affar in AndalusT Kufic on a marble sundial from ca. 
1000 . 

The term “endless" is to be somewhat loosely interpreted, and I use it to include inter¬ 
woven endless loops or superposed folded strands, 

252 Such designs are known from Iranian, and also Syrian and Egyptian, decorative art. 
Some examples: 

- an inkwell in brass with silver inlay, 12th century - Kuwait 1990 Hermitage Exhi¬ 
bition Catalogue , pp. 54-55 (no, 29); 

- a bronze vase inlaid with silver, 12th- or early-13th-century Khurasan - Welch, 
Muslim Calligraphy, pp, 110-111 (no. 39); 

- four mortars, Khurasan, between late 12th and 14th century - London NG Catalogue , 
II, pp. 312-313 (nos, 194-196) and 316-317 (nos. 199-201). 

For endless knots in the decoration of a Hebrew manuscript from Toledo, ca. 1300, see 
Sed-Rajna s “Ateliers de manuscrils hebreux”, fig. 3 on p. 348. For examples of endless 
knots tied into Arabic and Hebrew script see, for example, Lanei, Simboliche arabiche % 
III, pis, XXIX, XLIII, LVI1, LIX and LI (Arabic, the last with the name of Allah 
developed into a knot) and XLIV (Hebrew), 
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notably in Aragon, 253 They are also apparently known from Islamic 
magic. 254 We find similar but more complex knots, for example, on a 
13th-century silk fragment now in the Institute de Valencia de Don Juan 
in Madrid (Fig, I5), 255 and in an illustration of Islamic sacred geography- 
the world divided into sectors centred on the Ka'ba - in a 16th-century 
Tunisian navigational atlas preserved in the Bibliotheque nationals de 
France (Fig. 16). 256 As'decoration on an astrolabe only two examples of 


253 In addition to the two Western Islamic sources mentioned below (nn. 255-256), see 
other examples in Pavon Maldonado, El arte hispanomusulman, pp. 62-63 and 96 
(general), and pp. 94, 100, 102, 106, 107, 109 and 384. In particular we note: 

* a design similar to the ones on the astrolabe in the Claustro de San Juan de 
Castrojeriz near Burgos {ibid., p. 94); 

and various "endless” knots from mudejar architecture in Aragon, namely: 

- one from the Aljafena in Saragossa {ibid., p. fig, 104, no, 18); 

- two from theCatheral ofTeruel {ibid. , pi. 12 opposite p. 384). 

More complicated patterns are to be found, for example, in: 

- two 12th-century Almoravid Qur'ans dated - Granada-New York 1992 Exhibition 
Catalogue , pp, 304-306 (nos. 75-76); 

- a brass basin inlaid with gold and silver, dated 1252/53, Syria (?) - Washington EGA 
1986 Exhibition Catalogue, p, 19, fig. 9; and 

- a brass pierced globe inlaid with silver and black, Syria or Egypt, mid 14th century - 
ibid., pp^ 171-172 {no. 23). 

Yet more complicated patterns of all are to be found on European work inspired by 
llispano-Maurcsqueart, for example: 

- a majolica plate made in Siena ca. 1525 - Berlin MGB 1989 Exhibition Catalogue , 
pp. 613-614 (no, 4/121); and 

- a bronze plate with inlaid silver made in Venice ca. 1545 see ibid-, pp. 203 and 
603-604 (no. 4/100). 

254 Yet they arc not mentioned, for example, in Kriss & Krtss-Meinrieh, Volksglaube im 
Islam , 

255 See Granada-New York 1992 Exhibition Catalogue , p. Ill, fig, 7 (also n. 277 below). 

256 On Islamic sacred geography see my Enc. Islam article "Makka. iv. As centre of the 
world” (repr. in King, Studies, C-X), especially fig. 7. On ihe navigational atlas of 
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endless knots come to mind, namely: (1) on the rete of an astrolabe with 
Arabic inscriptions but numbers in Coptic (#4036) made in Cairo in 681 
H [- 1282/83], 2 ^ 7 and (2) on the rete of the astrolabe (#3595) made for the 
Ulugh Beg by the leading astrolabist of Samarqand in 830 H [- 1426/- 
27].The inspiration for the AndalusT tradition was most probably the 
highly elaborate knots in 10th and 11th-century Visigothic manuscript 
illumination^ 9 



Fig, 15 Endless knots on a 13 th -century silk fragment from the Kingdom of Gra¬ 
nada* Note also the use of ornamental naskhi script and the superfluous sukuns 
at the beginning and end of the inscription al-haraka li^llah, "Blessing is from 
God", [Courtesy of the Institute de Valencia de Don Juan, Madrid, inv. no. 
2093.] 


Ahmad al-Sharaft al-$afaqusi see Nallino, "Mappamondo di ash-SharafT, and a 
forthcoming study by Mdnica Herrera Casals (Frankfurt and La Laguna), 

5 Unpublished; an illustration of the rete is in Nasr, Islamic Science, pi. 73 on p. 120, See 
also n. 218 above. The knot is not independent; indeed, it forms part of a larger pattern* 

258 See n. 224 above. For illustrations of the rete see already Copenhagen DS Catalogue s p. 
214, and King, “Strumentazione”, pp* 161. The knot is independent, although attached 
to other decorative components of the rete. 

259 See, for example, Madrid BN MSS Catalogue , pi, VIII opposite p, 204, and Madrid 
RAH MSS Catalogue , pp, 91, 119 and 175* 
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Fig. 16 Decoration with endless knots on a diagram of sacred geogrraphy in a 
16th-century Tunisian atlas, [From MS Paris BNF ar. 2278, courtesy of the 
Bibliotheque Nationale de France.] 

bb) The Spanish Arabic inscriptions reviewed 

Mas'iid has left us a unique document attesting to his vernacular Arabic. 
The star-names dabrdn < dabardn , ghumavsa < ghumaysd ' and (dyir < 
(d'ir ; the month-name mdyu; and the place-name al-Jazdyir. Possibly the 
sukun on the § (= $dd) in qdhibuhu at the beginning of his inscription on 
the boss of the shackle is intended to be on the h (= hd '), so the word 
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would be pronounced §ahbuh(u). The shaddas (*) on various Arabic 
letters in the month-names appear to be purely decorative. 

cc) One of the earliest surviving screws? 

The only other known medieval astrolabe with a screw attachment is the 
14th-century Picard piece #202. 260 In both cases the screws are hand¬ 
worked and appear to be original. If this is the case, then we are dealing 
with some of the earliest European examples of screws. 261 But it is easier 
to account for the male screw than for the thread inside the female cylin¬ 
drical bolt. Here again metal analysis might be useful to investigate 
further whether these paraphernalia are original. 

4 Concluding remarks 

a) Who was the Jew who scratched the latitudes on the plates? 

It may be that he was an assistant to the person who made the Latin 
engravings, a skilled craftsman, but nothing more. We cannot know to 
what extent he was involved in the construction, most of which, for lack 
of evidence to the contrary, we attribute to the person who made the Latin 
engravings. We cannot exclude the possiblity that the “European” 
mentioned below was not identical with the Jew who scratched the 
latitudes on the plates, perhaps even a converted Jew, which would mean 
that a single individual engraved both the Hebrew numbers and the 
“Latin” inscriptions. In any case, the Jew appears to have been active 
prior to the pogroms and mass conversions in 1391, which heralded the 
collapse of the Jewish community in Spain. 262 The association of this Jew 

260 King* Ciphers of the Monks, p. 419 and Fig. L.9. 

m Two general histories of the screw are Treue, Kulturgeschichte der Schraube, and 
Wurth & Konstanz 1995 Exhibition Catalogue, The screw was known in Antiquity, and 
on the development of the screw in Europe there is the chapter by A. F. Usher entitled 
"The screw and its development” in Singer el al., eds,, History of Technology, III, pp, 
334-339. 

262 Scheindlin, “lews in Muslim Spain”, pp. 198-199. 
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with Toledo is strengthened by the fact that this was the major centre of 
metal-working in Spain in which Jewish craftsmen were involved. 26 ^ 

b) Who was (he person behind the Latin engraving? 

He was a local artisan, local to either Toledo or Saragossa, and was 
probably a Christian. He was a competent astrolabe-maker and engraver, 
and he adhered to a local tradition of using the old-fashioned inverted 
forms of £ 2’ and inverted bar fractions. He favoured a distinctive 
scholastic orthography for the Latin script: the £ 9 5 for a hard C. Can this 
have been his own convention? Certainly we do not find it elsewhere. Yet 
he was not that well-versed in Latin or the manuscript tradition of star- 
names that he did not make mincemeat of some of the star-names on the 
rate. 

On the other hand, he may have been a Jew or a Jew converted to 
Chistianity, in which case he was probably identical with the Jew who 
scratched the latitudes on the plates (see above). His ancestors would have 
witnessed the Muslim domination come and go. 

Whoever he was, he was very familiar with the design of AndalusI 
astrolabes, and copied outright an AndalusI design for his rete and an 
AndalusI design for his throne. But he was also influenced by the new 
tendency amongst European astrolabe-makers to include plates for 
latitudes in Northern Spain and in France up to as far north as Paris, and 
just beyond to Reims, 264 He favoured a mid-13th-century Toledan 
tradition of astrolabe stars, although it is a complete mystery how he could 
have produced a set of star-names that were so different from those used 
in that tradition. Also, he used a curious, inexact (and previously- 


263 See n. 9 above. 

264 We can distinguish various earlier tendencies amongst European instrument-makers: 
first, the tradition of marking plates for the climates of Antiquity (as on #161 and #166, 
with relics on #169 (second climate only); see also #4024, a 10th-century AndalusI 
astrolabe with plates for the climates); second, the tradition of #3042, also left over from 
Antiquity (see n, 179); and third, the tradition of marking plates for a series of latitudes 
and an over-enthusiastic association of these with localities such as Africa and 
Macedonia (see again n. 179 on #416). 
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undocumented) AndalusT procedure for marking azimuth curves on astro¬ 
labe plates. 

c) Why was the astrolabe not completed as planned? 

For some reason, the astrolabe was not completed by the one or two 
persons mentioned above. All that remained to be done was to engrave the 
names of the zodiacal signs and the months on the scales of the back, 
which had already been inlaid with silver cartouches. The rete and four 
original plates had been completed, and the arguments had been engraved 
on all of the scales on the back, as well as the labels on the shadow- 
squares. Then something happened. 

One possibility is that the maker(s) died, A prime cause of premature 
death in the mid-14th century was the Black Death. 26 ' The plague hit 
Saragossa in the year 1348 and four-fifths of the Jewish population were 
wiped out. 266 But no end of other hypotheses could be formulated. 

d) Who was Mas ‘fid? 

Mas'ud is a Muslim Arab name. (It is also a Christian Arab name, but it 
has no Hebrew equivalent,) Neither instrument-maker nor metal-worker 
with this name is known in the secondary literature. 267 Mas‘ud was a com¬ 
petent astrolabist in touch with the medieval Islamic astronomical- 
geographical tradition, because the fourth plate is executed with 


■ 6 * Sec n, 11 above, 

2m Article "Saragossa’* in EJ\ especially col, 861. 

267 This is essentially limited to Mayer, Islamic Astrolabists, and idem, Islamic Metalwork¬ 
ers. 

The Mas'ud al-Dahhan who translated a history of the Jews by Judah ben Moses Mos- 
eoni (“pseudo-Josephus’*) of Ohrid in Serbian Macedonia from Hebrew into Arabic at an 
unspecified date (published in Livorno in 1886), is hardly a candidate, although 
Mosconi did travel to the Maghrib and to Perpignan ca. 1360 - see Sarton, IMS, 111:2, p. 
1451 Another non-candidate is Abu or Ibn Mas'ud of Seville, head of Maghribi 
mad rasa, who commissioned a book on magic, apparently at the end of the 14th century 
111:2, p. 1521. 
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reasonable care for the correct latitudes. He was also a skilled engraver, as 
is apparent from his inscription on the boss of the shackle. He was needy 
(faqir ) in the standard Islamic sense, namely, needy of the mercy of God, 
and the use of this term indicates that he engraved the inscription himself. 
The epithet al-wathiq, “he who trusts”, is usually applied to rulers, 268 but 
even they, in Islamic civilisation, trusted in God, here called al-malik al- 
ma'bud in order to rhyme with Mas‘ud. 26y The term al-malik is one of the 
names of God, 270 but the expression al-malik al-ma'bud, “the King who is 
to be worshipped”, is neither Qur’anic nor is it attested in the statements 
attributed to the Prophet Muhammad; indeed, it is not happily Islamic. 
Nor is it Biblical, although the choice of words is vaguely reminiscent of 
the Psalms. 2 " 1 The word ma'biid is, however, used to refer to God by the 
famous poet and religious philosopher Judah Ha-LevT (b. Tudela, ca. 
1075,y?. Granada then Toledo, d. Cairo, 1141) in his discussion of the 
First Commandment: he renders Hebrew elohekha, “your God”, by 
ma'buduka, “the object of your worship”. 272 In passing we note the 

I<>4 Indeed, the Hafsid ruler of Tunisia in the middle of the second half of the 13th century 
was called Abu Zakariya 1 Yahya al-Wathiq - see de Zambaur, Manuel , p. 74; Bos worth, 
Islamic Dynasties, new edn., pp. 45-46; and the article "Idaf$id” in EI 2 , especially p. 67a. 
See also Brockelmann, GAL, SI1, p, 232, for a mid-14th-century ZaydT Imam of the 
Yemen named al-Wathiq bi-ltah al-Mutahhar. The same title was held by an Abbasid 
and an Almohad ruler. 

269 Yet the two lines do not display a poetic metre in the traditional sense of Arabic poetry 
(see the El 2 article Aru<J”)> 

m Articles "Malik” [= king] and ”al-Asma’ al-busna” [— the 99 names of God”], (no 4), 
in EI 2 < 

" 7I As a curiosity we note that the terminology is even more reminiscent of the Protestant 
hymn beginning: 

"0 Worship the King, all glorious above " 
and with a line in the fifth verse: 

"In Thee do we trust, nor find Thee to fail.” 

These words were composed in 1833 by Robert Grant, and are supposedly based on 
Psalm 104. 

272 I owe this information to the kindness of Tzvi Langermann. See his "Science and the 
Kuzarf\ p, 500, n, 5, 
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existence of an unpretentious 14th-century Mamluk brass box with silver 
inlay in the Metropolitan Museum of Art in New York 27 ’ which bears an 
inscription apparently identifiying the maker and the person who com¬ 
missioned the piece: the latter is named al-Wathiq bi-’l-malik al-wall ibn 
Muhammad. Here again the expression al-malik al-wall, “the king who is 
the protector”, that is, God, is not Qur’amc, although al-wall this time is 
one of the 99 names of God. 274 

There is a flavour of dissimulation in Mas'ud’s inscription of 
ownership, as if he did not want to mention the name of God, Neither, as 
we have noted, did he engrave the name of Mecca on the plate for the 
latitude of the holiest city in Islam; nor did he label the special markings 
for the times of Muslim prayer on the plates for Algiers, Mecca and 
Jerusalem. Whilst any mudejar in the 14th or 15th century would try to be 
careful with what he wrote, we may have here, in what he did not write, a 
vague hint that he was a prisoner of the Christians. 275 

No individual named Mas‘ud from al-Andalus with an interest in 
astronomy is known. But there is one man Mas'ud who was the father of 
an astronomer, and the family had both an AndaiusT and a Maghrib! con¬ 
nection. 27fi Also the date of the father would correspond to a dating of the 


273 Atil, Mamluk Art, p. 104, no. 36 (The Edward C. Moore Collection, inv. no. 91.1.538). 
The inscription supposedly reads; mimind amilafhu] bi-rasm al-wdthiq bi- 'l-malik al- 
wall ibn Muhammad Muhammad ibn 'Alt al-Hamawl al-muwaqqit hi- 'l-jami " al-umawl, 
which, if it is correct, could be taken as meaning ‘This was made by Muhammad ibn 
‘AIT al-Hamawl, the professional timekeeper at the Umayyad Mosque (in Damascus), by 
order of al-Wdthiq bi- ’l-malik al-wall ibn Muhammad”, The work is of the ‘'provincial 
type of metalwork available to the middle classes” (Atil). The maker is not listed in 
Mayer, Islamic Metalworkers, and is unknown to the history of Islamic astronomy. The 
client has not been identified. 

274 See the article “al-A$ma* al-husna” in EI 2 (cited in n, 270), (no, 56). 

275 The veiled inscriptions of Muslim prisoners and slaves under Christian domination 
were in general less subtle - see van Koningsveld, ‘ Muslim Captives”, 

276 A certain 'Izz al-DTn *Abd af‘AzTz ibn Sa l d al-DTn Mas'ud ibn Tzz al-DTn l Abd al- 
'Aziz al-Tilimsanf al-MalikT was imam and muwaqqit in the cities of Pez, Tunis, Jeru¬ 
salem and Damascus. (The epithet al-TilimsanT indicates that he hailed from Tlemcen.) 
He oversaw the copying of MS Bscorial an 932 of the astronomical handbook of Ibn 
Abi 1-Shukr al-Maghribi (compiled in Damascus in 1258) in Tunis in the year 797 H [= 
1394/95], and his name and these affiliations are given in this form in a colophon (fol. 
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astrolabe to the mid 14th century. The family appears to have been 
AndalusT in origin. The son, possibly born in Tlemcen, some 500 km 
WSW of Algiers, was imam and muwaqqit in Fez, Tunis, Jerusalem and 
Damascus, and in the last-mentioned city he became a chief judge of the 
Malik! legal school. AndalusT and Maghrib! emigrants to Syria would 
have been adherents of the Malik! school, which was predominant in al- 
Andalus but barely represented in Syria. It is a far cry from an astrolabe- 


57v). See Samso, “Maghrib! Zyes”, p. 96; this information is overlooked in the 
description of the manuscript in Escorial Catalogue B , pp. 43-44. 

Also, Ibn Ma$‘ud was the author of a treatise on the quadrant with trigonometric grid 
(see the article “Rub 1 ” in EI 2 ) compiled in Cairo in the year 795 H [= 1392/93] (on the 
context see King, “Mamluk Astronomy”). This is known from a unique copy, MS 
Escorial ar. 918/14 - see Escorial Catalogue A , p. 353; Escorial Catalogue B, p. 24 
{also pp. 17 and 23); Cairo ENL Survey, p, 66 (no. C46); and Rosenfeld & 
Matvievskaya, MAMS, II, p, 324, no. 271a. The manuscript was copied in MaghribI 
script in the year 888 H [= 1483/84], The same ‘Abd aPAzTz is mentioned in a later 
Tunisian treatise on astronomical instrumentation ( Cairo ENL Survey , p. HI, no. F39, 
on Abu Ja'far aI-Tuzari,_/L Tunis ca . 1450), and Ihere is a quadrant made by him in 774 
H [- 1372/73] preserved in the National Museum, Damascus. 

Now the remarks in MS Escorial ar, 918 mention that *Abd al- l AzIz was the chief 
Malikite judge (aqtfa 'l-qudat) in Damascus. The MalikI legal school was not strong in 
Syria (see “al-Malikiyya” in £Y 2 ), and it is somewhat surprising that there was a Malikite 
official there with this prestigious title. But it was the major school in al-Andalus, and 
numerous AndalusT scholars emigrated to Syria at the time of the Reconquista. And in 
this manuscript *Abd al-‘AzTz is referred to by an AndalusT name, Ibn F-r-m-fh or F-r- 
m-y-j-h (vowelling uncertain), possibly derived from the Spanish bermejo, meaning “of 
a bright reddish colour”. The first catalogue-entries for this Escorial manuscript 
provided the modern literature with an “Abdelaziz Massudus Hispalensis” (Escorial 
Catalogue A, p. 353) from whom developed an “Abdelaziz Abenmasud el Ixbili (from 
Seville)” (Sdnchez Perez, Biograftas, p. 34, also Vera, MME , p. 141); and an l ”Abd al- 
*AzTz b. Mas*Gd al-Ishblli (XHe s.)” (Lamrabct, Mathematiques maghrebines, p. 38, no. 
203), sometimes, as now in Rosenfeld & Matvievskaya, MAMS, with the additional 
fiction that he died in 1132 A D, 

Most of the above information is found in a recent doctoral thesis by M. Aguiar 
Aguilar, in which the author and his treatise on the sine quadrant arc investigated for the 
first time (Aguiar Aguilar, “Tratado arabe oriental”, pp, 97-98, eadem , “En torno a ‘Abd 
al-'AzTz b, Mas'ud”, and eadem, Tratado de Ibn Mas tid, pp. 461-468). There is more to 
be said, but neither this Mas l ud nor his son have been found yet in the available 
biographical works (including some mentioned, for example, in Fagnan, ‘Tabakat 
malekites”). 
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maker in al-Andalus to a judge in Damascus, but in trying to identify 
Mas‘ud we are indeed grasping at straws. 

Mas'ud’s engraving of the names of the signs and of the month-names 
and their decoration remains somewhat problematic. In fact, it is not very 
professional within the framework of the high standards of Islamic 
astrolabe engraving. Rather his work shows a certain amount of 
calligraphic licence and is more typical of inscriptions one might find, 
say, woven on textiles. 277 But his contribution is of extreme historical 
interest, for we are dealing with the only example of the influence of a 
local dialect on Arabic inscriptions on an astronomical instrument. And in 
his decoration of the cartouches Mas‘fid was perhaps over enthusiastic. 
No criticism is intended here: in the workshops of the instrument-makers 
of the Middle Ages we do not expect the rigorous, and in many respects 
tedious, discipline of the madrasas and the monastic scriptoria. People 
simply did the best they could under the circumstances. We may also 
compare European instrument-makers who left off the names of stars on 
astrolabe retes because they could not understand the Arabic originals 
(#3042, #161 and #167) 278 or who confused the latitudes on the plates 
(#3915 and #4523), 279 or who left out both the star-names and the latitudes 
(#169). 280 An example of the very kind of AndalusT astrolabe which might 
have inspired Mas‘ud is preserved for us. namely, #116, made in Toledo 
in 420 H [= 1029/30] by Muhammad ibn al-$affar. It even bears 


277 Compare, for example, Lhe text al-baraka laka mina lldh, “The blessings that you have 
are from God”, on Lbe 13th-century silk textile fragment in the Instituto de Valencia de 
Don Juan, Madrid, illustrated in Granada-New York 1992 Exhibition Catalogue , p. Ill, 
fig. 7 (see already n. 255 above). Here the text is written on the left-hand side of a series 
of semicircular arcs open at the bottom with the sukun of al0-baraka on the line before 
the al-, and there is a redundant sukun above or, rather, following the word allah. The 
inscription is repeated in mirror'image on the right. 

278 On the first see Kunitzsch & Dekker, “Stars on the Carolingian Astrolabe”, On the sec¬ 
ond, whose present location is unknown, only the description in Gunther, Astrolabes , II, 
p. 306 (no. 161), is available. No illustrations of the third have been published. 

279 On #39 \ 5 see nn. 26 and 179 above, and on #4523 see n. 180, 

280 On #169 (n. 178) see King, “Medieval Italian Non-Standard Astrolabe”, especially 
§§B4-5 and BS, 
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additional markings in Hebrew script that appear to have been added in 
Toledo. 

e) The Algiers connection 

Algiers was founded in the 10th century on the ruins of the Roman city of 
Icosium. 281 A significant mosque was built there in the 13th century. A 
traveller of that century, al-'Abdan, mentioned the exceptionally beautiful 
natural setting of Algiers and the imposing solidity of its ramparts, but 
added that there were no scholars there, indeed that his search for a single 
one was like looking for a horse full of camels 5 eggs. 282 He was 
comparing Algiers with Tlemcen, Bougie, Bone and Tunis, which did 
have an intellectual life, and indeed even a scientific life, 28 ' 

Although it appears that Mas'ud made this engraving in Christian 
Spain rather than in Algiers, that city was clearly close to his heart. Now 
how could he have known that the latitude was around 36°? in fact the 
latitude (correctly 36°50') is given as 35;30° in the geographical tables of 
Ibn al-Zayyat (al-Andalus, d, 1058) and al-MarrakushT (of Moroccan 
origin, fl. Cairo ca. 1280). 281 It may be that 35;30° was indeed the very 
latitude used by MasTid for his plate. Likewise, he probably used 21;40° 
for the latitude of Mecca, the value that was most popular amongst 
AndalusT astrolabe-makers. 285 

The astronomical markings on this plate serve not only Algiers, but 
also the middle of the fourth climate of Antiquity, 286 Plates for 36° with 

231 See the article “al-Diaza’ir” [= Algiers) in El 2 . 

m Cherbonneau, “Voyage d’El-Abdery”, A, pp. 157-158 (pp. 14-15 of the reprint), and B, 
pp, 54-55 (pp. 38-39 of the reprint). 

On the history of astronomy and mathematics in the Maghrib see King, “Astronomy in 
the Maghrib”, and Djebbar, Etudes, respectively, 

234 Kennedy & Kennedy, Islamic Geographical Coordinates , p. 19. On the two sources see 
ibid,, pp. xxv (sub MAR) and xxxvii (sub ZAY). 

285 This value was sometimes approximated to 22* or 2l;30\ See King, “Geography of 
Astrolabes”, App. Ic. 

2%6 Seen. 36above. 
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this in mind were common on Islamic and some European astrolabes. 287 
Western Islamic astrolabes tended to have numerous place-names asso* 
ciated with the latitude on each plate, 35;20° usually being linked with 
Ceuta (Sabta) and 36° with Almeria. But although some even from before 
ca. 1100 do feature Kairouan, Tunis, Tangiers and Ceuta, none bears 
markings for Algiers. In fact, only one piece from before ca . 1600 (#4046) 
has markings for Algiers, albeit with the absurd latitude 33;20°, 

But what was Mas'Gd’s association with Algiers? One possibility is 
that he, a Muslim, planned to flee Christian-dominated Northern Spain for 
Algiers. A hijra or “breaking of ties” was advocated for all Muslims 
living under Christian domination. 2 ^ The medieval population of Algiers 
consisted in part of refugees who had fled from the Christian reconquest 
of af A tidal us, and many of them established themselves as corsairs in 
Algiers. The first Jewish refugees from Spain arrived in Algiers in 
1391 m In 1510 the Spaniards imposed a levy on the city and occupied 
the neighbouring islands, in order to suppress the corsairs. 290 This was 
taken by the Ottoman Turks as an invitation to liberate Algiers from both 
the Spaniards and the locals, 

j) The origin of the astrolabe 

Any attempt to understand how the instrument came to acquire its present 
form can only be partially successful, 291 The following reconstruction is at 
best hypothetical, 

2S Thus, for example, on #2572 all of the plates serve specific localities, but that for 36* is 
marked for Almeria and the 4th climate. 

m Article "Mudejar” in EI 2t cols. 288a-b. See also Buzineb, “Respuestas”, on two fatwas 
or religio-legal pronouncements dated 1392 and 1504 by Maghribl jurisprudents to this 
effect. 

2 ^ Article "Algiers” in EJ. 

290 Article "Al-Djaza’ir” [= Algiers] in EI 2 , p. 520a. 

291 A. J. Turner and E> Savage-Smith (in Nancy 28 06.1998 Pamphlet) suggested, largely 
on the basis of the Syrian-type throne, the Syrian-type silver cartouches, the plate for 
[36*J, which would serve Aleppo, and the AndalusHype rete, that the instrument must 
have been made in Egypt or Syria or even further east in Iraq or Iran by an AndalusT or 
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The instrument was begun in some centre of Christian Spanish culture 
in the 14th century; Toledo seems the most likely choice, although 
Saragossa is also a possibility. A Christian and a Jew collaborated on the 
construction, the only definitive traceable input of the latter being the lati¬ 
tudes scratched in Hebrew on the plates, ft is also possible that there was 
only one individual involved, perhaps a Christianized Jew. An unusual 
AndalusT-type design was chosen for the throne and for the rete, and an 
AndalusI, perhaps especially an AndalusI Jewish technique of silver inlay. 
With the inscriptions on the back not completed, the instrument changed 
hands. A Spanish Arab, a mudejar , named Mas'ud, with an especial inter¬ 
est in Algiers, added the main Arabic inscriptions, providing the names of 
the zodiacal signs and the months with orthographical symbols perhaps 
inspired by an earlier AndalusI astrolabe. His engraving shows distinct 
Spanish Arabic influence. In addition he substituted one of the plates for a 
new one serving Algiers and Mecca and engraved the inscription on the 
boss of the shackle identifying himself as the owner. He appears to have 
deliberately omitted the name of God in this inscription, the name of 
Mecca on his new plate, and any identification of the purpose behind the 
special curves for the times of Muslim prayer on his plate for Algiers and 
Mecca and and on the original plate for Jerusalem. Perhaps he intended to 
take the instrument to Algiers, a'nd maybe someone there added the 
second layer of Arabic star-names. But it may be the astrolabe was never 
taken to Algiers, for a couple of hundred years later it was in Northern or 
Eastern France, where in the 16th century someone added the numbers on 
the outer rim. 

The hypothesis that the astrolabe was made but not completed by a 
European and that it later fell into the hands of an Arab, namely Mas'ud, 
who added the first layer of Arabic star-names as well as the plate for 
Algiers and Mecca, would mean that the instrument in its uncompleted 
form was in circulation. Other questions have to be addressed but cannot 


Maghrib! instrument-maker, but not completed, and that the "Latin” inscriptions were 
added later in Europe. To counter this one only need point out that that the throne is an 
attested earlier AndalusI design, that the silver cartouches are quite different from the 
silver inlay on known Syrian (and Egyptian) astrolabes, and that the markings for 36" 
and 21 are not by the same maker as the mater, rete and three other plates. 
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be answered. If Mas‘ud was a Christian or a Christian convert from Islam, 
then why did he engrave a plate for the latitude of Mecca? If Mas‘ud was 
a Muslim, then why did he use the unusual expression al-malik al-ma'bud 
to rhyme with his name? And a particularly vexing question is: why did 
Mas‘Gd engrave a plate specifically for Algiers? 

Various other explanations are conceivable but not particularly con¬ 
vincing given the lack of concrete evidence. Perhaps the astrolabe, not yet 
completed, was taken in the 16th century by a Spaniard to sea and the pair 
captured by corsairs from Algiers. The Arabic additions might then have 
been made in Algiers itself. This would at least explain why the Arabic 
script looks later than the 14th century and how there came to be 
additional markings for Algiers (but no additional Arabic inscription for, 
say, Toledo). But one would hardly expect a corsair or his patron to 
engrave the names on the back properly. And there was no known 
astronomical activity in Algiers before the Ottoman period. 292 Our 
Mas'ud, however, was competent in Arabic and in astrolabe-construction, 
as we can see from the inscription on the boss of the shackle and from the 
latitudes he used for his plate. Besides, if he made the additions in 
Algiers, there would have been no reason whatsowever not to add the 
name of Mecca and (he names of the prayers. 

The astrolabe is a testimonial to the lives and fates of three, perhaps 
only two individuals; indeed, on no other historical instrument are the 
lives and aspirations and fates of individuals so poignantly portrayed. One 
was a Jew, perhaps involved only in the laying out of the astronomical 
markings on the piece. The second, the person who did the Latin 
engraving, was maybe identical to the first, but if he was not, then he may 
have been a Spanish Christian, possibly a convert from Judaism. He 
seems to have died or been beset by some other disaster before he finished 
the piece. The other was a Muslim Arab, a mudejar, who seems to have 
been planning to return to the Muslim world as religious duty behoved 
him, specifically to Algiers. He finished the astrolabe and certainly 
planned to take it with him. 

See n. 283 above. In Cairo ENL Survey, p. 145 (no. F66), there is information on a late 

(17th-century?) recension for Algiers of the 14th-century astronomical tables of lbn al- 

Shatir of Damascus (on whom see the article in DSB). 
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There are still many questions surrounding this astrolabe to which it 
would be satisfying to know the answers. Part of the problem is that there 
are so few instruments with which we can compare this piece. 293 The most 
tantalizing questions relate to the person(s) who started to make it and the 
one named Mas s ud who finished it All manner of scientific, 
technological, epigraphic and art-historical investigations will not 
necessarily bring us any closer to the answers. But there is hope that 
further research might cast more light on the provenance of this object, 
and this would be welcome, for it is surely one of the most interesting 
astrolabes surviving from the Middle Ages. 
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Appendix A 
Instruments cited 

Note: Each instrument has been assigned a number (here prefixed by #), 
continuing the tradition started by R. T. Gunther and upheld by Derek de 
Sol la Price. The vast majority of the instruments listed below are 
described in the catalogue in preparation in Frankfurt. Various 
instruments mentioned only in passing are not listed here, and for these 
the reader must have recourse to Price et ai, Checklist. The star-positions 
on numerous individual astrolabes are investigated in Stautz, 
Untersuchungen. 

#101 Unsigned, undated 10th-century astrolabe from Iraq, with pur¬ 

portedly medieval European markings on the back - Florence, 
Istituto e Museo di Storia della Scienza, inv. no. 1113 - Gunther, 
Astrolabes, 1, pp. 230-231 (no, 101: “The Astrolabe of Pope 
Sylvester II”, already expresses reservations); Garcia Franco, Astro- 
Iabios en Espaha, pp. 131-160 (no. 3, an electrotype copy: 
“Astrolabio del siglo XIII, reproduction del de Alfonso el Sabio”); 
Santa Cruz 1985 Exhibition Catalogue , pp, 78-79 (no “astrolabio 
de autor desconocido”); Cadiz-Algeciras 1995 Exhibition 
Catalogue y p, 60 (“Astrolabio de Alfonso X el Sabio”); Florence 
MSS Catalogue , p. 8, no. 2 (“La tradizione lo fa risalire a Carlo 
Magno.”); and King, “Astronomical Instruments between East and 
West”, p. 171 (introduces 19th-century faker for the markings on 
the back), 

#103 Astrolabe by ‘Abd al-KarTm al-Misti dated 625 H [= 1227/28], with 

later replacement rete - Oxford, Museum of the History of Science, 
inv. no. IC 103 - see Gunther, Astrolabes, 1, pp. 233-236 (no. 103), 
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#104 

#106 

#107 

#109 

#110=#I35 

#111 

#116 


#117 


#123 


Astrolabe by ‘Abd al-Kamn al-Mi$n, made in Damascus (?) in 633 
H [= 1235/36] - London, British Museum, inv, no, OA 1855, 7-9.1 
-see Gunther, Astrolabes , I, pp. 236-237 (no, 104), 

Universal plate by Ibrahim al-DimashqT, made in Cairo (?) in 699 H 
[= 1299/1300] - London, British Museum, inv. no. OA 1890, 3- 
15.3 - see Gunther, Astrolabes , I, p. 238 (no, 106), 

Astrolabic plate made by Hasan ibn 'AH in Cairo in 681 H [= 
1282/83] - Oxford, Museum of the History of Science, inv. no, IC 
107 - see Gunther, Astrolabes , I, pp, 239-240 (no. 107). 

Astrolabe made by the Yemeni Sultan al-Ashraf in 695 H [= 1291] 

- New York, Metropolitan Museum of Art, inv. no, 91,1.535 - see 
Gunther, Astrolabes, 1, p. 243 (no. 109) and pi. LVIb, and the 
detailed description in King, “Astrolabe of the Yemeni Sultan al- 
Ashraf’. 

10th-century AndalusT astrolabe, with later markings by a European 

- London, British Museum, inv. no. OA+371 - see Gunther, 
Astrolabes , I, p, 244 (no, 110), and p. 280 (no. 135), inadvertently 
listed twice; and King, “Earliest European Astrolabe”, fig. 3. 
Astrolabe by Hamid ibn Khidr al-KJiujandL made in Baghdad in 
374 H [= 984/85]. with quatrefoil decoration on the rete - Kuwait, 
private collection - see the detailed description in King, “Kuwait 
Astrolabes”, pp. 80 and 82-89, also the illustrations in idem y Mecca- 
Centred World-Maps, pp. 18-19. 

Astrolabe by Muhammad ibn al-$affar of Toledo, dated 420 H [= 
1029/30] - Berlin, Staatsbibliothek, Preuftischer Kulturbesitz, 
Orientabteilung, inv. no. 6567 (Sprenger 2050) - see the detailed 
description in Woepeke, “Arabisches AstrolabiunT; Gunther, Astro¬ 
labes ^ 1, pp. 251-252 (no. 116), based on Woepeke; and on the addi¬ 
tional inscriptions, Maier, “Romanisehe Monatsnamen”, B, p. 260. 
See here Fig. 14, 

Astrolabe by Ibrahim ibn SaTd al-Sahll, dated Toledo, 459 H [= 
1066/67] - Madrid, Museo Arqueologico Nacional, inv. no. 50762 

- see the detailed description in Garcia Franco, Astralabios en 
Esparto, pp. 229-235 (no, 12); and also Gunther, Astrolabes, I, pp, 
252-253 (no. I 17), and Santa Cruz 1985 Exhibition Catalogue , pp. 
80-81 (colour illustrations of the front and back). 

Astrolabe by Ibrahim ibn SaTd, made in Valencia, 463 H [= 
1070/71] - now in the Osservatorio, Rome - unpublished, see 
Gunther, Astrolabes, I, p. 263 (no, 123). 
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#130,134, 

139,153 

Various astrolabes by al-Khama’irT of Seville ca. 1220 — see 
Gunther, Astrolabes, I. 

#134 

#135 

#137 

See # 130. 

See #110, 

Astrolabe with circus-figures on the rete, made in Syria by al-Sahl 
aLNTsaburT, datable between ca . 11 SO and ca. 1280 - Nuremberg, 
Germanisches Nationalmuseum, inv. no. WI 20 - see the detailed 
descriptions in Nuremberg GNM 1992-93 Exhibition Catalogue , pp. 
570-574 (no. 1.71); and Paris IMA 1993-94 Exhibition Catalogue , 
pp. 432-434 (no. 329). 

# 137 bis 

#139 

#140 

See #550. 

See #130. 

The quintuply-universal astrolabe of Ibn al-Sarraj, Aleppo, 729 H 
[- 1328/29] - Athens, Benaki Museum, inv. no. 13178 - see Gun¬ 
ther, Astrolabes, I, pp. 285-286 (no. 140); King, Studies , B-IX; 
Paris IMA 1993-94 Exhibition Catalogue , pp. 434-435 (no. 330); 
and a forthcoming book by the present author and Francois 
Charette. 

#153 

#154 

See #130. 

AndalusT astrolabe by Muhammad ibn Yusuf ibn Hatim dated 638 
H [= 1240/41] - Chicago, Ilk, Adler Planetarium, inv, no. M-36 ~ 
see Gunther, Astrolabes, I, pp. 300-301 (no. 154), misdated to 
1747; and Chicago AP Catalogue, II (forthcoming). See here Fig. 
10. 

#158 

Astrolabe with Hebrew incrtptions, Bologna (?), ca. 1400 (?) (see 
no. #159) - London, British Museum, inv. no. 93 6-16 3 - Gunther, 
Astrolabes, II, p. 304 (no. 158); London BM Catalogue, p. 113-114 
(no. 328) and pk Lilia; and also Goldstein, “Hebrew Astrolabe”. 

#159 

Degenerate astrolabe with Hebrew inscriptions, Bologna (?), ca. 
1400 (?), with plates labelled for Bologna and Paris - Chicago, III, 
Adler Planetarium, inv. no. M-20 - Gunther, Astrolabes, II, p. 304 
(no. 159); Goldstein, “Hebrew Astrolabe”; and Chicago AP Cata¬ 
logue, II, pp. 58-60 (no. 7), 

#161 

“Hispano-Mauresque” astrolabe, with “distinctly oriental appear¬ 
ance”, no star-names on the rete, with plates for the climates and 
equinox at March 15 - present location unknown, ca . 1930 in the 
collection of Sir L Findlay - see Gunther, Astrolabes , II, p. 306 (no. 
161). 
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#162 Catalan astrolabe from ca, 1300 with a rectangular frame and 

decorative quatrefoil on the rete - London, Society of Antiquaries - 
see Gunther, Astrolabes, II, pp. 306-309 (no. 162), and the detailed 
description in King Sl Maier, “Catalan Astrolabe'', 

#163 A French astrolabe, not Spanish as claimed by Gunther. 

#164 Astrolabe with quatrefoil decoration and plates for latitudes 40°, 

42°, 44°, 45°, 48° and 50°, attributable to the Vienna school (the 
elongated horizontal form of the final s is very reminiscent of Hans 
Dom of Vienna ca. 1480) - Chicago, 111., Adler Planetarium, inv. 
no, M-28 - see Gunther, Astrolabes, II, pp, 311-312 (no. 164, under 
Spanish astrolabes) and miniature reproduction of front on pi. LXX; 
Click, “Jewish Contribution to Science in Medieval Spain”, fig, 
21A on p. 88; and Chicago AP Catalogue, II, pp. 49-52 (no. 4, 
again with the provenance as Spain), 

#165 Astrolabe made in Saragossa in 1558 - Oxford, Museum of the 

History of Science, inv. no, IC 165 - see Gunther, Astrolabes, II, 
pp. 312-315 (no, 165) and pi. LXX. 

#166 Italian astrolabe with plates for the climates - Oxford, Museum of 

the History of Science, inv. no. IC 166 - see Gunther, Astrolabes , 
II, pp. 316-317 (no. 166). 

#167 Medieval Italian (?) astrolabe - London, British Museum, inv. no, 

67 7-5 22 - see Gunther, Astrolabes, II, p, 317 (no. 167), and 
London BM Catalogue, p, 114 (no. 329). 

#169 Italian non-standard astrolabe from ca + 1300, with markings only for 

latitude 24° (second climate), suggesting that this may be a 19 th - 
century copy of such an instrument - Oxford, Museum of the 
History of Science, inv. no, IC 169 - see Gunther, Astrolabes, pp. 
319-320 (no. 169); and the detailed description in King, “Medieval 
Italian Non-Standard Astrolabe”. 

#190 Astrolabic plate for latitude 48;50° (Paris), 14th century (?) - 

London, Victoria and Albert Museum, inv. no, M. 128.1923 — un¬ 
published; see Gunther, Astrolabes * II, p. 349 (no. 190); Instrument 
Directory , p. 27, figs, 7A-B (front and back); also King, Ciphers of 
the Monks , pp. 391-392, 

#191 Composite medieval European astrolabe, with an Italian mater, 

AndalusT-style rete (reworked?), and plates for Saragossa and Paris 
— Oxford, Museum of the History of Science, inv. no, IC 191 - 
Gunther, Astrolabes, II* pp. 340-34] (no. 191). 

#198 Northern French astrolabe from ca. 1350 with luni-solar gear 

mechanism - London, Science Museum, inv. no. 1880.32 - see 


Suhayl 3 (2002-03) 


118 


David A. King 


Gunther, Astrolabes, II, p. 347 (no, 198), and King, Ciphers of the 
Monks , pp. 398-399,402-403, etc. (see p, 439). 

#202 Picard astrolabe from ca . 1350 with numbers marked in monastic 

ciphers - private collection - see Gunther, Astrolabes, II, p. 349 
(no. 202), and the detailed description in King, Ciphers of the 
Monks , pp, 131-151 and 406-419. 

#203 Illustrations of the rete and back of an astrolabe in the treatise 

L'usaige de l ! astrolabe by Dominique Jacquinot, printed in Paris in 
1545 - see Gunther, Astrolabes, 11, pp, 350-352 (no. 203). 

#213 Highly unusual medieval astrolabe in. iron, of uncertain date and 

provenance, with latitude grid around the ecliptic on the rete and 
inlaid silver illustrations of the zodiacal signs on the back - ca. 
1930 in the possession of Whitney Warren; present location un¬ 
known - see Culver, “Early European Instruments”, p, 34, for an 
illustration of the front, and Gunther, Astrolabes , II, pp. 361-362 
(no. 213); Gunther's dating to the end of the 16th century is much 
too late. 

#290 English astrolabe from ca. 1300 with highly-developed quatrefoil 

decoration on the rete - London, British Museum, mv. no. MLA 
SL54 — see Gunther, Astrolabes, II, pp. 463-465 (no. 290). 

#291 Unsigned English astrolabe dated 1326 - London, British Museum, 

inv. no. 1909 6-17 1 - see Gunther, Astrolabes, II, pp, 465-467 (no. 
291); and London BM Catalogue, pp. 112-113 (no. 325), and pi, LL 

#292 English astrolabe signed “Blakenei” and dated 1342 - London, 

British Museum, inv. no. 53 11-4 1 - see Gunther, Astrolabes* II, 
pp. 468-469 (no. 292); and London BM Catalogue, p. 113 (no. 326) 
and pi. L1I. 

#293 Medieval English astrolabe with additional Hebrew inscriptions 

(owner's mark?) on the throne - London, Victoria & Albert 
Museum, inv. no. 1880.26 — see Gunther, Astrolabes, pp, 469-471 
(no. 293). 

#300 Northern French (?) or English (?) astrolabe from ca. 1300 — 

Oxford, Museum of the History of Science, inv. no. IC 300 - see 
Gunther, Astrolabes, II, pp. 477-478 (no. 300), and King, “Earliest 
European Astrolabe”, fig. 12. See here Fig. 13. 

#304 Unsigned, undated English astrolabe - Washington, D.C., National 

Museum of American History, inv. no. 316758 - see Gunther, 
Astrolabes, II, p. 483 (no. 304) and pL CXXXIV; and Washington 
NMAH Catalogue, pp. 13 and 150-151 (no. 304). 
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#416 

#420 

#428-#625 

#457 

#460 

#493 

#546 

#548 

#549 

#550 


Catalan astrolabe from ca. 1300 with a Y-shaped frame on the rete - 
Greenwich, National Maritime Museum, inv, no. AST0552 = 
A21/1936-21C - see King & Maier, “Catalan Astrolabe”, pp. 694- 
695, n. 60, King, “Earliest European Astrolabe” fig, 14; and the 
forthcoming description by Koenraad van Cleempoel in Greenwich 
Astrolabe Catalogue. See also n. 16. 

Early medieval European astrolabe, perhaps the earliest after #3042, 
origin uncertain - Greenwich, National Maritime Museum, inv. no, 
AST0558 = A27/I936-4C - illustrated in King, “Earliest European 
Astrolabe”, fig, 9; see the forthcoming description by Koenraad van 
Cleempoel in Greenwich Astrolabe Catalogue. 

French astrolabe from ca. 1300 - Greenwich, National Maritime 
Museum, inv. no. ASTO570 = A39/NA1938-1661C - see 
Greenwich NMM Handlist, p. 48, for an illustration of the front; and 
the forthcoming description by Koenraad van Cleempoel in 
Greenwich Astrolabe Catalogue , 

Medieval English astrolabe - Liege, Musee de la vie wallonne, inv. 
no. 400 - unpublished; illustrated in Michel, Traite de l’astrolabe, 

pi. 111. 

Astrolabe from the workshop of Jean Fusoris, Paris, ca. 1400, with 
inscriptions removed and replaced by 18th- or 19th-century Arabic 
inscriptions {probably in Egypt) - Antwerp, Nationaal Scheepvaart- 
museum, inv, no. A.S, 43.9.127 - see Michel, Traite de l f astrolabe, 
pi, IV; and Brussels SG 1984 Exhibition Catalogue y pp. 37-38 (no, 
8 ). 

14th-century Italian astrolabe - Florence, Museo di Storia della 
Scienza, inv, no, 1107 - detailed description in King, “Urbina 
Astrolabe”, pp. 127-129; see also idem > “Star-Names on Three 
Medieval Astrolabes”, pp. 320-323, 

14th-century French quatrefoil astrolabe - Parts, private collection - 
unpublished. 

14th-century Italian astrolabe with additional 15th-century markings 
by Henricus de Holland ia - Nuremberg, German isches 
Nationalmuseum, inv. no. Wl 6 - see Nuremberg GNM 1992-93 
Exhibition Catalogue , II, pp. 578-581 (no, 1.74). 

Unsigned astrolabe of the Vienna school dated 1457 - Nuremberg, 
Germanisches Nationalmuseum, inv, no, Wl 129 - see Nuremberg 
GNM 1992-93 Exhibition Catalogue , II, pp. 582-586 (no, 1.75), 
German astrolabic plate dated 1468 - Nuremberg, Germanisches 
Nationalmuseum, inv. no. Wl 5 - see Gunther, Astrolabes , 1, pp. 
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#555 

#558 

#621 

#625 

#640 

#1077 

#3 099 

#1148 

#2041 

#2572 


280-281 (no. 137 - confused!) and more especially Nuremberg 
GNM1992-93 Exhibition Catalogue 3 II, pp. 589-592 (no, 1,77). 
Unsigned, undated astrolabe in the tradition of the Arsenius brothers 

- Nuremberg, Germanisches Nationalmuseum, inv. no, Wl 1164 - 
see Nuremberg GNM 1992-93 Exhibition Catalogue\ pp. 598-600 
(no. 1,82), See here Fig. 1L 

Early medieval European astrolabe of uncertain provenance - 
Nuremberg, Germanisches Nationalmuseum, inv, no, Wl 282 - see 
Nuremberg GNM 1992-93 Exhibition Catalogue , II, pp. 574-576 
(no. 3.72). 

Composite medieval European (Italian?) astrolabe with a very early 
rim, rete and plates, and a back from an astrolabe with Hebrew 
inscriptions - Munich, Deutsches Museum, inv. no, 5178 - see 
Munich Astrolabe Catalogue, pp. 161-176 (no. 2), also King, 
“Earliest European Astrolabe”, fig. 13, 

See #428. 

Astrolabe presented by Regiomontanus to his patron Bessarion in 
1462 - private collection - see most recently King & Turner, 
“Bessarion’s Astrolabe”, 

Astrolabe made in Fez by 'Uthniaii ibn "Abdallah al-$affar in 699 H 
[= 1299/1300] - Florence, Istituto e Museo di Storia della Scienza, 
inv. no, 1109 - unpublished; see Mayer, Islamic Astrolabists, p. 84 
and pL IVb, and Venice 1993-94 Exhibition Catalogue , pp. 178-180 
(no. 79). 

Astrolabe made by Ahmad ibn Muhammad al-Naqqash in 
Saragossa in 472 H [= 1079/80] Nuremberg, Germanisches 
Nationalmuseum, inv. no. Wl 353 - see Granada-New York 1992 
Exhibition Catalogue , pp. 376-377 (no. 120); and Nuremberg GNM 
1992-93 Exhibition Catalogue , II, pp. 568-570 (no. 1,70), 

Astrolabe by al-Khama’irl dated 628 H [= 1230/31], with later 
inscriptions in a dialect of Northern Spain — Cairo, Museum of 
Islamic Art, inv, no, 15371 - unpublished; see Maier, “Romanische 
Monatsnamen”, A, pp, 247-249. 

Medieval French (?) astrolabe with zoomorphic features on the rete 

- Oxford, Museum of the History of Science, inv. no. 57-84/173 
(Billmeir 173) - unpublished; the front and back are illustrated in 
Poulle, Instruments du Mayen Age , pp. 12 and 14. 

AndalusT astrolabe by Muhammad al-Sahll dated 483 H [= 1090/91] 
with a replacement rete bearing Hebrew inscriptions - Washington, 
DC., National Museum of American History, inv. no, 3I8I78 - see 
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#3042 


#3053 


#3058 


#3595 


#3622 


#3643 


#3650 


#3906 


Washington NMAH Catalogue > pp. 174-177 (do. 2752); Goldstein 
& Saliba, “Hispano-Arabic-Hebrew Astrolabe”; and now a new 
study, Lacarenza, “II ragno ebraico de IV astro lab io di Ibn al-SahIF\ 
Astrolabe from 10th-century Catalonia - Paris, Institut du Monde 
Arabe, inv. no* AI 36-31 - see King, “Earliest European Astrolabe”, 
and other papers in Stevens et ah, Oldest Latin Astrolabe * A fine 
illustration of the front is in Cddiz-Aigeciras 1995 Exhibition 
Catalogue , p. 187* 

Astrolabe signed by Petrus Raimundus of Aragon, made in Bar¬ 
celona and dated 1375 - Boston, Mass,, Museum of Fine Arts, inv. 
no. 88.654 - see n. 16 for a description in Catalan, to appear; the 
front is illustrated in King, “Earliest European Astrolabe”, fig. 16. 
14th-century French quatrefoil astrolabe with an additional plate for 
London and Paris and a later signature “l LOND” Greenwich, 
National Maritime Museum, inv. no. A60/NA66-12 - see the 
forthcoming description by Koenraad van Cleempoel in Greenwich 
Astrolabe Catalogue. 

Astrolabe made in 830 H [= 1426/27] by Muhammad ibn Ja'far al- 
Kirmanl for Ulugh Beg (his name has been removed from the 
dedication) - Copenhagen, Davids Samling, inv. no. D 25/1986 - 
unpublished; see Copenhagen DS Catalogue , p. 214, King, 
“Strumentazione”, pp. 161 and 165; and idem, Mecca-Centred 
World-Maps , pp. 106-108. 

Unsigned astrolabe from Cordova, dated 446 H [= 1054/55], with 
later Catalan additions - Cracow, Jagiellonian Museum, inv. no. 
4037-35/V - see the detailed description in Maier, “Astrolab aus 
Cordoba”. 

Unsigned, undated Maghrib! or AndalusT astrolabe with unusual 
Ottoman replacement rete- Washington, D.C, National Museum of 
American Histoiy, inv. no. 316753 see Gunther, Astrolabes y I, p. 
302 (no. 84A); and Washington NMAH Catalogue , pp, 177-179 (no. 
3643). 

Mater and plates by Muhammad ibn al-$affar, dated 417 H [= 
1026/27] (the rete is a replacement) - Edinburgh, Royal Scottish 
Museums, inv. no. T1959-62 - not properly published; see 
Instrument Directory , p. 27, fig. 6 (front only). 

Medieval astrolabe with inscriptions in Hebrew - Paris, private 
collection - see Bandeira Ferreira, “Astrolabio hebraico”, and also 
Goldstein, “Hebrew Astrolabe”. 
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#4046 

#4182 

#4217 

#4506 

#4509 
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Astrolabe with inscriptions in Judaeo-Arabic, ai-Andalus or the 
Maghrib, ca. 1300 (?) - London, N. D, Khalili Collection, mv. no. 
SC 1158 — see Christie's Amsterdam 15 , 12.1988 Catalogue ; Khalili 
Collection Catalogue, II, pp. 214-217 (no. 124); and King, 
“Cataloguing Islamic instruments”, col. 253. 

An illustration of a 10th-century AndalusT astrolabe signed by 
Khalaf ibn al-Mu'adh, found in a Latin manuscript - MS Paris BN 
lat, 7412, fols. I9v-23v - see most recently Kunitzsch, “10th- 
Century Astrolabe”, and the bibliography there cited. 

Unsigned astrolabe from 14th-century Yemen - Paris, Institut du 
Monde Arabe, inv. AI 86-15 - see Paris IMA Catalogue , pp, 89-90 
(no. 5). 

Astrolabe by Hasan ibn 'Umar al-Naqqash, dated 681 H [= 
1282/83], with Coptic numerals and silver inlay throughout - 
Istanbul, Turkish and Islamic Archaeological Museum, inv. no, 
2970 - unpublished; the front is illustrated in Nasr, Islamic Science , 
p. 120, pi, 73; the geographical gazetteer is discussed in King, 
Mecca-Centred World-Maps, pp. 76-78 and 600-602. 

Unsigned undated Maghrib! astrolabe, datable ca. 1600 - Qatar, 
National Museum - see Geneva MAH 1985 Exhibition Catalogue , 
pp. 284-285 (no. 296), and the more detailed description in 
Sotheby 's 16. fO. 1997 Catalogue, pp. 70-73 (lot 25). 

Astrolabe made in Fez in 719 H [- 1319/20] by Muhammad ibn 
Qasim al-Qurtub!,- in 1971 in the possession of M, Dagron of 
Paris; present location unknown - unpublished. See here Fig. 12. 
Astrolabe made in Granada in 886 H [— 1481/82] by Muhammad 
ibn Zawal (??) - Granada, Museo Arqueologico Provincial, inv. no. 
12115 - see Mendoza Eguaras, “Astrolabio de Granada”, and 
Madrid 1992 Exhibition Catalogue , p. 227 (no, 44). 

Italian astrolabe bearing the initials “KP” and dated Urbino, 1462 - 
Moulins, Musee Departemental, stolen - published in detail in King, 
“Urbino Astrolabe”, pp, 130-132; see also idem, “Star-Names on 
Three Medieval Astrolabes”, pp. 323-324. 

Italian astrolabe from ca , 1300 with a replacement plate from a 
Byzantine astrolabe and additional markings in Hebrew - private 
collection, acquired at Sotheby’s of London on 18.6.1986 (lot 125) 
— see Amsterdam 1990 Exhibition Catalogue , p, 101 (no. 186) and 
p. 106. 
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#4523 Astrolabe made by Antonios de Pacent in Lanzano in 1420 - 

Germany, private collection - see the detailed description in Stautz, 
“Astrolab aus 1420” 

#4560 The astrolabe under discussion - private collection - see n. 1. 

#4561 A 16th-century Spanish universal astrolabe - formerly private 

collection, acquired in 1999 by the Museo Nacional de Ciencia y 
Tecnologia, Madrid - see the detailed description in Moreno et al., 
“Spanish Astrolabe”. 

Appendix B 

The earliest European astrolabes from Spain and France, 
listed chronologically by region 

Note: For lists of the 40-odd earliest Islamic astrolabes and some 35 of the 
earliest European astrolabes see King, 64 Earliest European Astrolabe”, pp. 
387-391. 

Catalonia (10th century): 

#3042 (the so-cailed “Carolingian astrolabe”) 

Uncertain provenance: 

#161 (clearly early, Spain?/Franee?, plates serve the seven 
climates) - present location unknown! 

#420 (12th/13th century?, Spain?/France? s plates serve the seven 
climates) 

#191 (a composite piece, date(s) uncertain, Italian mater, rete 
entirely Islamic in design, original plates for Saragossa, Toulouse 
and Paris) 

Catalon ia (11th- 15th century): 

#162 (with rectangular frame within rete, ca. 1300) 

#416 (with Y-shaped frame within rete, ca. 1300) 

#3053 (signed by Petrus Raimundus, dated Barcelona, 1375) 
Central or Northern Spain, excluding Catalonia (12th-15th century): 

#4560 (the astrolabe with Latin and Arabic and Hebrew 
inscriptions described here, probably 14th century) 

Southern Spain or the Maghrib (ca. 1300 (?)): 

#3915 (astrolabe with Judaeo-Arabic inscriptions, with rete design 
closely related to that on #162, ca. 1300) 
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Southern France: 

0 

Northern France (prior to ca. 1400 - selected): 

#198 (14th century, with luni-solar gear mechanism) 

#202 (14th century, Picardy, featuring monastic numerical 
ciphers) 

#300 (13th/l4th century. Northern France and/or Southern 
England, includes plates which would serve Paris and London) 
#428 (ca. 1300, lions on throne, “Hispano-mauresque” rete, plates 
for 14 latitudes between 15° and 48° Paris, including 43° Tolosa, 
that is, Toulouse) 

#2041 (14th century, fleur-de-lys design on throne, zoomorphic 
features on rete, plates for 10 latitudes between 22° and 48° with 
no localities mentioned, most probably French, although 
FEBROARIUS suggests Italian influence) 

#190 (14th century (?), quatrefoil rete, single astrolabic plate with 
markings for 48;50°, that is, Paris) 

There are some 30 known astrolabes from the workshop of Jean 
Fusoris in Paris ca. 1400 (e.g., #192, #193, #194 in Gunther) or 
Fusoris-type instruments (including some predating Fusoris), 
which do not concern us here. The best publication on French 
astrolabes of this type is Glasemann, “Zwei mittelalterliche fran- 
zosische Astrolabien”. Likewise, there are numerous quatrefoil 
astrolabes that could be French and prior to ca. 1400 (such as 
#3058), but their provenance is not certain. 

Notes: Gunther’s “Spanish” #161 is a composite piece, and at least the 
mater is Italian. His “Spanish” #163 is French. 
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